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FOREWORD

The investigation reported herein was authorized by, letter dated

11 Ma:ch 1965 from U. S. Army Engineer District, St. Louis. subject,

"Request for Testing Concrete Aggregate and Riprap, Kaskaskia River,

Illinois, Navigation Improvement."

The work was performed at the L'WD Materials and Concrete Labora-

tory, U. S. Army Engineer Waterways Experimuent Station MES), under

*• the direction of Mr. Thomas B. Kennedy, and the supervision of Messrs.

J. M. Polatty, Bryant Mather, R. L. Curry, W. 0. Tynes, E. E. McCoy,

A. D. Buck, W. I. Luke, and B. J. Houston, and Mrs. Katharine Mather.

This report was prepared by Mr. Houston and Mr. Buck.

Director of WES during the performance of the investigation and

preparation of the report was Colonel John R. Oswalt, Jr., CE. i
Technical Director was Mr. J. B. Tiffany
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In order to determine relevant properties of materials present
'in locally available sources of concrete aggregate and riprap for use
in the Kaskaskia River, Il'linois, Navigation Improvement project in
the St. Louis District, a nt,%ber of sources were selected for investi-
gation. The coarse aggregate and riprap materials submitted for testing
were crushed limestone,and the fine aggregate was a natural sand uhich
was deficient in the fine fractions. A supply of fine sand 'as sdb-
aitted for use in making up the size deficiencies. Of the five coarse 4

.aggregate sources tested, four were considered as potential suppliers A
of both riprap stone and coarse aggregate. The other source was con-
sidered only as a supplier of riprap. -

The results of the examinations and tests indicate that none of I
the materials contain features or possess properties that render them
definitely unsuitabie for the purposes for which they were tested. The
lower 35-ft ledge of West Lake Quarry, however, contained rock capable I
of dedolomitization reaction in concrete, and aggregate from this ledge
shouLd not be used alone in concrete, but if all three ledges in the
quarry are worked simultaneously the resulting aggregate would probably
not be expansive in concrete. This aggregate as well as the fine aggre- f
ggate tested ohbtld only be used with low-alkali cement. Rock from the
other sources considered as coarse aggregate did not contain dolomite
proportions in the reactive range.

Stone from all five sources should be satisfactory for use as rip-
rap provided shaly fractions in some sources are not allowed to become
concentrated enough to have an adverse affect on the ability of the
stone to withstand severe weather and remain intact in large pieces.

viii
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INVESTIGATION OF CONCRETE AGGREGATES AND RIPRAP,
KASKASKIA RIVER, ILLINOIS,

NAVICATION IMPIOVEKENT

PAIr I: PURPOSE AND SCOP3 I
S~Purpose

of "1. The purpose of the woAri "s to deter-mine relevant properties

of materials present in locally available sources of concrete aggregate

and riprap-for use in the subject project.-

2. Crushed stone from four quarries was tesed for use as both

concrete aggregate and riprap. Crushed stone from another quarry was

tested for use as riprap. A river eand frm Chester, Illinois, and a

fine blending sand from Evansville, Illinois, were tested folr use as

concrete sand./,
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PART 1I: SAMLES AMO TESTS

3. Source information data on sples submitted for testing are

as follows:

a. Gibbar guarry No. 4

Stace: Missouri

Latitude: 370

Longitude: 890

SLocation: See 11, R 12 E, T 35 N, Perry Co.,
No., near Red Rock, o.lI

Producer: Southern River Rock Co., Box 33,
Perryville, No.

Geologic formation Flattin 1imestone, Middle Ordovician

and age: Age

Remarks: This hillside quarry Is currently
worked in two ledges, an upper + 60-ft
ledge above the S- to 6-ft shaly zone

and a lower + 45-ft ledge below theshale. The shaly zone is vasted. This

quarry has previously supplied shovel-ran 5000-1b dike stone and 150-Ib riprap •
for river projects.

b. West Lake Quarry No. 5

State: Missouri

Latitude: 380

Longitude: 900 I
Location: Sec 17, R 9 E, T 38 N, Ste. Genevieve

Co., No., at Little Rock, No.
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Prod, :er: West Lake Quarry and Material Co.,
Box 206, Taussig Moad, Bridgaton, Mo.

Geologic formation Ste. Genevieve limestone and St. Louis
and age: limestone, Mormec group, Middle

Mississippian Age

Remarks: This open quarry is currently worked
in three ledges, an upper + 30-ft
ledge in the Ste. Genevieve limestone,
a middle + 80-ft ledge, and a lower
+ 35-ft ledge, all in the St. Louis
limestone. This source has previously
supplied only 5000-lb shovel-run dike
stone for river projects.

C. Stot: Q arr

State: Illinois

Latitude: 380

Longitude: 90o

Location: Sec 16, R 9 V, T 5 S, Randolph Co., I1l.
1/2 mile north of Prairie du Rocher, I11.

Producer: Stotz Quarry, Prairie du Rocher, Ill.

Geologic £Ermation Salem limestone, Mermaec group, Middle
and age: Mississippian Age

Remarks: This source currently mines three ledges,
an upper + 13-ft ledge, a middle + 10-ft
ledge, and a lower + 14-ft ledge. In
every ledge the in-place stone appears

very similar, and materials in stockpile
cannot be easily referred to an indivi-
"dual ledge. In the mine, the upper and

middle ledges and the middle and lover
ledges are occasionally worked as a unit.
In perhaps three years, the operator
plans to mine all three ledges in one
unit. The crushed stone samples repre-
sent the lower + 14-ft ledge. The ledge
smples sarked 1o. 1 represent the upper
+ 13-ft ledge and the middle + 10-ft
ledge. The ledge amples marked No. 2
represent the lower + 14-ft ledge.

3



"d. Charlie Bussen Quarry

Scate: Missouri

Latitude: 380

Longitude: 900

Location: Sec 12, R 8 3, T 38 N, Ste. Genevieve
Co. Mo.

Producer: Charlie Bussen Quarry, Ste. Genevieve,

Geologic formation Salem limestone, 'Meremee group, Middle
and age: Hissiaslopian Age

Remarks: This open quarry is worked in five
ledges, four of which have been pre-
viously approved for river projects andSeare here represented by the ledge samples.

e. Menefee Quarry

State: Missouri

Latitude: 380

Longitude: 900

Location: Sec 24, R 7 E, T 39 N, Ste. Genevieve
1' Co., Mo., 1/2 mile southwest of Brickeys,.SHMo.

Producer: Menefee Crushed Stone Co., Inc., P. 0.
Box 387, Nashville, Temn.

Geologic formation Kramsvick limestone, Middle Ordoviclan
and age: Age

Remarks: Two pits are present at this location,
an upper, or westtrn pit, and a lover,

t or eastern,pit. The samples represent
the + '15-ft ledge exposed at the lower
pit. This source has previously supplied
5000-lb shovel-rmn dike stone and 150-lb
riprap to river projects.
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f. Southern Illinois Sand Co. (see IX( No. 6-370, Vol IV)

Latitude: 370

Longitude: 890

g. Siegfrie4 Fine Sand

State: Illinois

Latitude: 380

Longitude: 890

Location: 2-1/2 miles southwest of Evansville,
Ill., Randolph Co., Ill.

?roducer: Ruma Asphalt Co., Ruma, .Ill.

Geologic formation Residual Cypress sandstone, Upper

and age: Mississippian Age

Remarks: This newly opened pit supplies fine
sand to the Rzma Asphalt Co. Fine
sand is excavated in the dry and is
"loaded directly on trucks, without
processing. Two ft of soil overburden
is stripped and wasted prior to excavat-

i•g the under lying 12 ft of fine sand.

4. The.material was given the following laboratory serial numbers.

CD No. Source Material Amount

""STL-19 Gibbar Quarry No. 4 near 6-in. core 26 boxes
G-1 Red Rock, No. 4400 lb

SSTL-19 West Lake Quarry No. 5, 6-1n. core 32 boxes
G-2 Little Rock landing near 5400 lb

Ste. Genevieve, Mo.

SSTL-19 Stotz Quarry, Prairie du Crushed stone 5680 lb
G-3 Rocher, Ill

STL-19 Upper 13- and uid- 1600 lb
G-3(A) die 10-ft ledge

STL-19 Lowr l4-ft ledge

G-3(B) 1

10



CD No. Source Material _miount

STL-19 Charlie Buasen Quarry, Ledge Not 1 3200 lb. V
G-4(A) Ste. Genevieve, Mo. total

STL-19 Ledge No* 2
G-4(B)

FSTL-19 Ledge no. 3r G-4(C)

STL-19 Ledge Do. 4• G-4(D)A

VICKS-35 Menefee Quarry, Brickeys, Ledge stone 8300 lb
G-l(2) Mo.

STL-5 Southern Illinois Sand Co. River sand 3600 lb
* S-3(4) Chester, Ill.

STL-19 Siegfried Fine Sand, near Natural *and 480 lb
S-1 Evansville, Ill.

Tests

5. Logging of cores. The cores from Gibbar and West Lake Quarries

were logged in sufficient detail to determine if potentially reactiveIl'1 6
carbonate rock was present. Shaly material representing a 4- to 5-ft

zone between the upper 60-ft ledge and lower 45-ft ledge of Gibbar Quarry

was logged and then discarded as this zone is wasted during quarrying

operations.

6. Petrographic examination of ledge rock. Ledge rock froa Stotz

and Bussen Quarries were examined for presence of potentially reactive 'i

carbonate rock.

7. Petrographic examination of crushed material and sand. A portion

t of ledge stone from Menefee Quarry was crushed and recombined according to

1 II 6
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OCE Guide Specifications into No. 4 to 3/4-in., 314- to 1-1/2-in., and

1-1/2- to 3-in. size groups. A petrographic examination was made of

4-z've splits of No. I to 3-in. sizes. An exmination of splits of

Siegfried fine sand was also made.

8. Sam2ples tested for use as r&prap. The material.from the upper

ledge of Gibbar Quarry was separated into two lithological rock types

for testing. It was found that the core from the lower ledge was so

fractured that it was Impossible to get samples for riprap tests. The

stone from West Lake Quarry was tested as four lithological types. The

stone from Stotz Quarry represented two ledges, the upper ledge was J
divided into two lithological types for tests; the lower ledze was tested

as only one type. The stone from Bussen Quarry represented four ledges.Ii
The third ledge was divided into two lithological types, while the other

three ledges were tested as one type each. The stone from Menefee Quarry
I

represented one ledge and was tested as oat lithological type.

9. Each sample or lithological rock type was subjected to the

following tests, using applicable procedures from the Handbook for

Concrete and Cement; i
a. Specific gravity (unit weight) and sbsorption, CUD-C 107. 1
b. Abrasion, grading E, CUD-C 117.

c. Toughness, CRD-C 132.

d. Freezing and thawing, CRD-C 144.

10. Acceptance testa for use as concrete aggreLgate. Samples of

stone from Gibbar, West Lake, Stotz, and Menefee Quarries were tested

7 I
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Zor use as concrete aggregate. Three size groups were tested which

were No. 4 to 3/4-in., 3/4- t* 1-1/2-in., and 1-1/2- to 3-in. Each

size group from each quarry, where a"licable, me subjected to the

following tests:

a. Sieve analysis, CRD-C 103.
b. Specific gravity and absorption, GID0C.107.

- c. Soundness, CRD-C 115.

d. Abrasion, CRD-C 117.

e. Flat and elongated, CRD-C 119.

f. Scratch hardness, CRD-C 130.

11. The Seigfried and Southern Illinois fiue aggregate were sub-

jected to the following physical tests:
f

Sa. Sieve analysis, CRD-C 105, CUD-C 103

b. Specific gravity and absorption, CRD-C 108.

c. Organic impurities, 1dRD-C 121.

d. Mortar-making properties, CRD-C 116.
12. Freezing and thawing of concrete agrekate. The N~o. 4 to 3/4-in.

Sfractions of the material from Gibber, West LIke, Stott, and Menefee

Quarries were tested in combination with Southern Illinois and Siegfried

sand according to test method CRD-C 114.

13-A
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V PA~R I: RESULTS AM COUCUSIONS

SResults

13. Logging of cores. Cores from Cibbar and Vest Lake Quarries

were logged and the results are given in the petrographic report, WES

Form 1115. The log indicated that the core fcom Gibber Quarry, which

is worked in two ledges, was primarily dolomite, The core from the

lower ledge bad an abundance of vertical fractures and closely spaced

bedding planes which prevented testing of this material for use as

riprap. Except for the bottom 3.5 ft of the core from the lower ledge,

the dolomite contents of the core from both ledges fell outside the

range in which deleterious dedolomitization occurs. Core from the upper

ledge of West Lake Quarry, which is worked In three ledges, was primarily

oolitic and dense limestone with a little shaly limestone and clay, while i
that of the middle ledge was dense and dolomitic limestone with some sty-

lolitic limestone and scattered layers of shale, and that from the lower

ledge was oolitic and dense limestone and fine to medium grained dolomitic

limestone. The rock in the upper ledge should not be subject to dedolomi-

tization if used as concrete aggregate. Properties rof dolomite and cal-

cite in the core from the middle ledge indicated probable potential

reactivity and this was confirmed by testing small 0.35-iu.-diameter

cores drilled from the larger cores for length change in 1-N Na0H. The

expansion of the small cores indicates that rock from depths 90 to 104

ft, which probably represents the top of the lower 35-ft ledge, would 4

* 9
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produce expansive reaction in concrete; however, if all three ledges

are simultaneously quarried the resulting aggreSate would not be

sufficiently expansive to be harmful in concrete. The core from the

lower ledge was highly fractured, but this is not caused by bedding

planes and is probably a localized condition.

14. Petrographic examination of led e rock. None of the ledge

rock from Stotz Quarry, which vas from three separate ledges, contained

calcite-dolomite in proportions regarded as dangerous. This material

was mainly dense limestone with a moderate amunt of ,haly limest-e.

S. ~ Ledge rock from Bussen Quarry, representing four ledges, was found to

bbe mainly dense limestone with a moderate amount of shale, especially

in ledge 3. This material would not be expansive in concrete. The

ledge rock from Menefee Quarry represented one ledge and was Limestone.
7his material would not be expansive in concrete.

15. Petrographic examination of crushed material and sand. Crushed

aggregate of 3-in. maximum size from •ussen Quarry was examined, This

material is expected to produce suitable concrete aggregate. The

Siegfried fine sand was examined and found to be primarily quart: with

about 10 percent chert. if the volume of this ased used in concrete ii

such that the chert amounts to 5 percent or more of the fine aggregate,

low-alkali cement should be specified.

16. Samples tested for use as riprai. Samples of rock from Gibbar,

West Lake, Stotz, Bussen, and Menefee Quarries were tested for use as

riprap. The results are given In table I and on Inclosed WES Forms 726

10



and 1115. The material from tie upper ledge of Gibbar Quarry was

satisfactory in all tests except the dolomite had & slightly high

absorption (1.7), and the effect of freezing and thawing was greater N

than for the other four sources tested. Samples from the lower ledge I4

were not tested because of its fractured condition. The rock from

test of the dense limcestone. The rock from Stoz: Quarry was satisfactory

i in all tests. The material from Dussen Quarry was satisfactory in all

tests except the rock from ledge I and the shaly limestone from ledge 3

- . had a slightly high absorption, The rock from Menefee Quarry had a

high abrasion loss and failed the toughness test. It was, however,

perhaps the least affected by freezing and thawing of all sources tested

and was the most uniform material.

! 17. Acceptance tests for use as concrete ageate. Samples of

stone from Gibbar, West Lake, Stotz, and Nenefee Quarries were tested

for use as coarse aggregate in concrete and the results are shown in

table 1 and on WES Forms 726 and 477. All stone was satisfactory except

z. stone from Menefee Quarry and the No. to 314-in. size group of the

scone from Stotz Quarry which exhibited a slightly high abrasion loss

'CRD-C 117), and the stone from Menefee Quarry also had a high percentage

of soft particles. Samples of Mississippi River sand (STL-5 S-3(4)) and

fine blending sand (STL-19 S-1) were given abbreviated tests for use as

concrete sand. The river sand was found to contain organic Impurittes

- as shown by CRD-C 121, but strength tests indicate that these did not

have a significant effect in reducing strength of mortar made with it.

'A 1,



18. Freezing-and-thaving test of co•crete aggregate. The results

of the freezing-and-thawing tests ate as follows:

Material WZ3OO

Stotz 81
Menefe 81e'/ West Lake so
Gibbar 71

The material from Stotz, Menefee, and West Lake Quarries withstood

freezing and thawing slightly better than the material from Gibbar;

however, the material from all four sources appeam to be of such a

nature as not to adversely affect the resistance to freezing and thawing

of concrete containing it.

conclusions •

19. Ri•rap. The bedding of the limestone from all five quarries

is thick enough to allow production of blocks massive enough for riprap. i
Rock from the Menefee and Bussen Quarrtes were least affected by freez-

ing and thawing. The results of the examinations and tests indicate that -

riprap not possessing undesirable properties can be produced from all the

sources evaluated provided the shaly limestone portions are wasted.

20. Concrete coarse aggrefate. The results of exminations and

tests indicate that concrete aggregate free of undesirable properties

can be produced from all the sources evaluated.

21. Concrete fine a!grelate. A blend of the two fine aggregates

tested would probably contain enough alkal-sillca reactive ingredients

"12
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containing these aggregatese Wi1th lov-S~alLI caent these Hune aggpC

sates eouixd not be expected to Amit~ft ummttisf*Ct~vy P~lrfu8UcS

concrete.

ill I
13I



0J4~4 0W0 7 i10A
*s414jU'C14

V-4

*a ,- h4D

5541~a
.9 si

94 a
a in'c

V4J

a 0
a; C; -n C4Am g

3I a~ C4d on, *lc "dr

14 Sdd 4 MC

c 00 0 0 0

S02
ad

0* a
V4w VI soi V4 V4 i4 P W4 V4 -

*o sod i _

a% Dao % 0 g ~.4
wd i %a 010 n 1

0~~ 0- ~ gaQ ~ .

*~~ ..4 46A~ 944 on, a

di cr

.A0

19 A



a .. V4 I 4i .4* ~ if -i

0 -a

-u J

0 1

"-40to 0 ad

V.4

S41

048 all

E44

a V4

016"4at t

V4 z

*00
,~V4,

U~u 1 o % j
c~ A14 V

46

.0 0

U. 53

-46a c ..~ 4 aa6 4,s -44-4 '"m Is

*~r 9 . .

* 20



0 D 3 
a *5

044 I4 PI n4 p
-;; 

A I , Aw,!

-4 4q m 4C4 %1

a 

t

a ) amSS.

* 0U
$4 V4)

a cc

0'4 
-A 0-

A A 0 4

0-04I: z
:1.

0 I W q 0 0 ~ an00

0 X0
0 40

.1 .40 
5ýS.

0. .3 0

C4 C; A ; 4. C 0 C 4 C

a~ 04.S

V4 V4%.

0 4 ma C4 6 4 a 4 4 & nC

cm %. 01 --ý I -% SLV4 W4V4V



E

60

I *

4Cb 4

4J0 0

000

f 5 ,4 p.

IL C

02 C

04 *

4A 4
0*0 IA

N 221



-.. _- -• • . - . .. .. = .. .'--. •? -•:- °' • • - f •

%'orps of Engineers, VSAE Concrete Division
.ýaterways Experiment Sta Petro&raphic Report P. 0. Drawer 2131

Jackion, .ississippi

Project: Date:
K.zskaskia River, Illinois Navigation Improvement 26 Nay 1965

1441 "1-6624 ADB. WI.-. J3.- 104

Sj'mples

1. Samples of carbonAte rocks from fivo quarries and two natural

sands are listed and ideptified below:

,Ž CD
Serial
No. Source Type and Amount

STL- 19

G-1 Gibbar Quarry No. 4, near Red Rock, Mo. '6-in. core

G-2 West Lake Quarry No. 5, Little Rock Landing, Three 6-in. cores
near Ste. Genevieve, Ho.

G-3 Stotz Quarry, Prairie du Rocher, 111. Crushed stone

G-3(A) Same - upper 13- and middle 10-fr ledge Ledge rock

G-3(B) Same - lower 14-ft ledge Ledge rock

G-4(A) Charlie Bussen Quarry, Ste. Genevieve, Ho. Ledge No. 1

G-4(B) Same Ledge No. 2

G-4(C) Same Ledge No. 3

G-4(D) Same Ledge No. 4SP~ICKS- 35

G-1(2) Menefee Quarry, Brickeys, Mo. Ledge rock

STL-5

S-3(4) Southern Illinois Sand Co., Chester, 111. Natural sand

SmL-19
S-I Siegfried Fine Sand, near Evansville, Ill. Natural sand

Rock from all of the quarries except the Charlie Bussen Quarry, Ste.

Genevieve, Mo., was tested as riprap and coarse aggregate. Rock from

the Charlie Bussen Quarry was tested as riprap.

aES Form No. 1115 231 Rev. March 1964 23•



Test Procedure

2. Core logs. Cores from Gibbar Quarry (STL-19 G-1) and West Ldke

Quarry No. 5 were logged. Tie surfaces were tested fordifferences in hard- 5

ness and washed with dilute hydrochloric acid to emphasize lithologic

changes. Samples of each lithologic variety were selected for test accord-

ing to CRD-C 144, Method of Testing Stone for Resistance to Freezing and

Thawing and for other riprap tests.

3. Ledge rock. STL-19 0-3(A), C-3(B), C-4(A) through G-4(D), and

VICKS-35 G-1(2) were examined, using dilute hydrochloric acid and a steel

needle to emphasize lirhologic differences. Samples of each variety were

selected for test according to CRD-C 144 and for other riprap tests.

4. Screening tests for dedolowitization reaction. Lithologic varieties

in cores STL-19 G-1 and G-2, and in ledge rock STL-19 0-3(A) and (B), and the

variety making up VICKS-35 G-l(2) were taken to determine whether alkali-

carbonate reactive varieties were present. The screening tests consist of

the following:

a. A representative sample of each lithologic variety was hand-

ground and scanned on the diffractometer as a tight-packed powder. Samples

consisting entirely of calcite or entirely of dolomite were eliminated from

additional testing on the basis of these results.

b. If a variety had dolomite-calcite proportions in or near the A
reactive range, a sample was ground to pass No. 325 sieve. Each powder was

compressed in an aluminum ring at 2000 lb; the compressed specimen was =ounted

2I24
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!77

V2 in the deffractometer and the relative intensities of the calcitd andA dolomite peaks were scaled. The intensity data were referred to the

Tennant and Berger* curve to detenrine the amount of dolomite in the

carbonate portion of each sample.

c. If dolomite was 30 to 70 percent of the total carbonate,

and the rock was fine grained, cores approximately 1-1/4 in. long and

0.35 in. in diameter were drilled, shaped to have truncated conical ends,

and prepared for length-change measurements during storage in I-N NaOH.

[ d. If a variety was selected for length-change measurements, a

representative weighed sample was dissolved in dilute hydrochloric acid.

The weight of washed insoluble residue was detenrinad and the Insoluble

residue was scanned on the diffractometer to determine its composition.

Petrographic examination

5. _enefee Quarry (VICKS-35 G-I(2)). Part of the ledge rock was

crushed and processed to make aggregate in the size ranges No. 4 to 3/4-in.,

3/4-to 1-1/2-in., and 1-1/2- to 3-in. A representative sample of each frac-

tion was examined. The samples were washed and some particles were examined

under the stereomicroscope before and after etching with dilute hydrochloric

acid. The visual examination and stereomicroscope examination of the crushed

aggregate confirmed the conclusion reached during the examination of the

f* Tennant, C. B., and Berger, R. W., "X-Ray Detenrination of the Dolomite-
Calcite Rstio of a Carbonate Rock," American Mineralogist, Vol 42, ,N.s.

- 1 and 2 (1957), pp 23-29.

3
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S[therefore. no particles counts of the crushed aggregate were made. X-ray

Si diffraction patterns were made of a slab of fine-grained rock, of a slab•

S• ~of the medium grained rock. and of a sample of the porous grayiah-orange*

Si ~dolomitic material that formed patchy areas in some of the rock. Two thin

S: sections were made and examined, one from the opposite surface of the x-rayed

i : slab of medium grained rock, and one from a piece containing porous dolo-

• • reitic material. An immersion mount of calcareous chart was examined in an

:. immersion oil of index of refraction 1.544 to determine whether the "chart

; was chalcedonic.

• ~6. Legfried Fine Sand (STL-19 S-1). Represe~tative parts of fractions

retained on No. 100 and No. 200 sieves were examined under the stereo~mcro-

scope and tested with dilute hydrochloric acid to verify the presence of

carbonate grains. Immersion mounts of each sieve fractiont were prepared in

i-.mersion oil of refractive index 1.544. and at least 300 grains of each

sieve fraction were classified and counted using a polarizing microscope.

7. X-Fa Diffrection Conditions. All X-ray scans "were made on a diffrac-f

tometer using nickel-filtered copper radiation at 27 KVCP and 41 ma or at

.50 KVCP and 21 ma, as appropriate, with the rate meter setting at full scale

equal to 0 -4000 €ounts/sec.

T•he Rock-Color Chart Committtee, National Research Council, Rock-Col•r ..
Chart, Washington, D. C,, 194,8.
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7. Core frorn Gibbar Quarry (STL-19 G-1). Fig. 2 is the log of the core

from this quarry. The rock from 37.5 ft to 118.3 ft was fairly similar

SIin appearance and texture, although it varied in composition. The rock

from 127.7 ft to 158.2 ft was more fractured than the rock from the upper

ledge, and differed in texture from it. The rock in the footage between

37.5 ft and 118.3 ft -- the upper ledge -- was classified as follows:

Litholosic type Percent of total

Dolomite 29.8 1
4.7

34.5 42.7

Dolomitic limestone 9.6 11.9 1
SSlightly dolomitic limestone 36.7 45.4

Total 80.8 100.0

The rock in the footage from 127.7 to 158.2 waA classified as follows:

Lithologic type Footage Percent of total

Dolomite 13.0
10.2

27.6 90.5

Shaly dolomite 2.5 8.2.

Limestone 0.4 1.3

Total 30.5 100.0

The dolomite of the upper ledge was mottled tan to brownhish gray* dolomite

*Rock-Color Chart.
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-ith chert nodules and seams resembling styloliter but composed of earthy

dol.'te. The mottled areas were softer than the matrix surrounding them.

The dolomitic limestone and slighcly dolomitic limestone, which were referred

to as limestone in the riprap tests, contained closely spaced patches parallel

bedding and areas resembling stylolites but composed of dolomite. All of the

slabs tested according to CRD-C 144 frca this core came from the upper ledge,

because the abundance of vertical frzctures and closely spaced bedding planes

in the lower ledge did not permit obtaining slabs of adequate size for this

test.

8. The rock from the lower ledge 1as predominantly dolomite, as thr

tabulation above shows, but it was predominantly fine grained hard massive

dolomite with occasional paper-thin shale seams, some vuggy regions, a smaller

proportion of mottled dolomite than in the uppzr ledge, and many vertical I

fractures.

9. The dolomite contest of aamples from various depths are shown below: I

Depth, ft Dolomite, Percent of Carbonate Portion

40.3 - 40.7 above 95
74.7 - 74.9 above 90
85.2 - 85.4 13

113.0 - 113.3 13
129.5 - 129.9 above 95
138.2 - 138.4 above 95
147.7 - 148.1 50 approx.

Except for the 3.5 ft of core represented by the last sample listed, dolomite

contents fell outside the range in which deleterious dedolomitization reaction

has been reported. Therefore, no additional screening tests of dedolomitizatior, n

6
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potential were regarded as necessary.

9. West Lake Quarry No. 5 (STL-19 0-2). Three cores froti this quarry --

cores W.%G/l, WSG/1A, and WSG/1B -- are shown in fig. 3 through 5. WSG/1 is I
believed to represent the upper ledge, WSG'/IA to represent the middle ledge

and bottom ledge, and WSG/IB the lower ledge. Except for differences in

amount of fracturing, the bottom of WSG/lA and WSG/lB are correlated, and

thus the bottom of WSG/lA is believed to have penetrated the some rock as

that represented by WSG/lB.

10. The lithologic varieties recognized in WSG/l, from 9.0 to 35.8 ft

we re:

Litholosic type , ootaSe Percent of Total

Oolitic limestone 9.8 36.6

Massive dense limestone 11.6 43.3

Porous limestone 0.3 1.1 1

Shaly limestone or calcarous shale 1.7 6.3

Clay, core loss 3. 1

Total 26.8 100.0

The oolitic limestone was light brownish-gray*, medium-grained, and dense.

The massive dense limestone was brownish-gray* fine to medium grained usually

foosiliferious and dolomitic in part, vith some scattered chert. Brownish-

gray* shaly limestone or dolomitic limastone contained many iclosely spaced

shale scans and graded into calcareous shale. Except for a shaly zone from

A

7
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about 24.0 to 26.5 ft, the rock was massively bedded. X-ray deterrminations

Sof the dolomite content of samples from depths shown below gave the follow.±ng

results:

Lithologic variety* Depth, ft Dolotrnte

Oolitic 13.7 Not detected

Oolitic 14.6 Trace

Shaly 24.6 Not detected

Shaly 25.3 Not detected

Dense dolomitic 28.0 Not detected

Oolitic 30.5 Trace

Dense dolomitic 32.8 Not detected.

Dense dolomitic 35.8 Not detected !

* As identified during logging; the variations between non-dolomftic and partly
dolomitic limestone were difficult to select visually.

The rock represented by this core should not be subject to dedolomitization

if used as concrete aggregate. Oolitic limestone from this core was sampled

for riprap tests.

11. The lithologic varieties recognized in cores WSG/lA and WSG/AB were:

WSG/lA(a) wSG;IB(a8b)
Lithologic variety ft percent ft percent 4

Oolitic limestone 110 0.9

Dense fine to medium-grained limestone -
(:t fossils or chert) 50.5 46.5 3.1 20.7
Same as above but with scattered layers 3

of shale 12.1 11.1

(Continued)
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(Continued) "•SO.I(a) •lI(a. ).

T~thn1Ci.4 WG- -

Lithologic variety ft percent ft percent

Light gray fine-grained dense limestone
with scattered chert nodules 11.0 10.1

Gray medium-grained stylolitic limestone 6.8 6.3

Sub-lithogrAphic stylolitic limestone
or dolomitic limestone 2.9 2.7 3.3 22.0

Fine to medium grained dolomitic
limestone 23.0 21.2 8.1 54.0

Chert 0.6 0.6

Shale 0.6 0.6 0.5 31-3

Total 108.5 100.0 15.0 100.0 1

(a) Hole WSG/IA represented material between 0.0 to 108.5 ft. The core from

hole WSG/lB represented material from 0.0 to 15.0 ft. Elevations at tops of

holes not given.

(b) The top 5 ft of this core was rubble. There were vertical fractures

between 5.0 to 10.0 ft and between 14.0 to 15.0 ft.

- •12. Core WSG/IA. This core contained all of the lithologic varieties

tested for riprap. In screening the core for potential alkali carbonate re-

action, dolomite contents were determined as shown below. At four distributed

depths where properties of dolomite and calcite indicated potential reactivity,

the amount and nature of insoluble residue wcre determined and 0.35-in.-diameter j
cores were tested for length-change in 1-N NaOH. Determinations of dolomite

cont-.nt and of amount and type of insoluble residue appear below, and length-

change determinations of cores from four depths are reported in table I and

. fig. 6.

9
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I. The expansions up to 28 days of the coesm from depths 90 to 103.9. ft iaicate

that it would probably produce an expansive reaction in 'concrete in which

it was used as aggregate.

13. Core WSG/1B. This core was described as representing theliwest

working ledge, but while its thickness was reported as over 35 ft,.only 15 ft

of core was received, of which the top 10 ft'was rubble and highly fractured

rock. Rock of the core was very much like rock in W•S/lA in the. depths below

90 ft. X-ray determinations of dolomite content in rock from depths 2.5,

5.8, 9.5, 10.0, 13.9, and 14.0 - 14.5 ft all indicated about 50 percent dolo-

14. Stotz Quarry.(STL-19 G-3(A)* 3(B)). Ledge rock samples STL-19 G-3(A),

representing the upper 13-ft and middle 10-ft ledges, and STL-19 G-3(B), repre-

senting the lower 14-ft ledge in the quarry were examined. None of the rock

contained calcite-dolomite proportions regarded as dangerous.

a. STL-19 G-3(A). The sample consisted of 14 tabular and pyramidal 5

pieces ranging from 10 by 7 by 6 in. to 15 by 12 by 6 in., with the average

about 12 by 10 by 8 in. The rock was pale yellowish-broun*, fine to meditm-

grained limestone which graded into flne-grained oolitic limestone. Four

blocks contained enough shaly some and stylolites to be called shaly lsme-

stone. The riprap tests were made on two varieties, dense limestone and

shaly limestone.

b. STL-19 G-3(B). The 14 pieces of this sample resembled

STIL-19 G-3(A)

* Rock-Color Chart.

-4M
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in size, shape, and composition, but did not contain shaly limestone. The

riprap tests were made on dense limestone only.

15. BusnQar (5TL-19 G-4(A) through G-4(D)). The sample from /

this quarry consisted of 14 ledge-rock blocks from Ledge I (G-4(A)), 16 from

Ledge 2 (C-4(B)), and 20 each from Ledge 3 (G-4(C)) and Ledge 4 (G-4(D)). for

riprap tests. The sizes of blocks ranged from 7 by 7 by 4 in. to 14 by 9 by I
7 in., with the average about 13 by 7 by 5 in.

a. Blocks from Ledge 3 were all tabular, but those from the others

included some blocky and some tabular. The sample, from Ledge 1 included some

blocks with partial rusty coatings. Part of the blocks were light olive-gray*,

fine-grained oolitic limestone like part of the sample from the Stotz Quarry

(STL-19 G-3(A)). The rest was moderate yellowish-brown*, fine-grained dolo-

mitjc Itmestone; this rock contained many fossil fragments recrystallized to

si..le crystals. Riprap tests were made on one variety, dense limestone.

b. Rock from Ledge 2 was pale yellowish-brown*, dense limestone with

single crystal fossil fragments in a fine-grained matrix that contained mdore

stylolites than rock of Ledge 1. Riprap tests were made on one variety, dense

limestone. I

c. Ledge 3 was represented by 16 blocks of dense limestone and 4 of

shaly limestone.. The rock was generally similar to that from Ledge 2. but was

lighter in color, finer-grained, and contained fewer single crystal fossils.

Riprap tests were made on two varieties, shaly limestone r.nd dense limestone.

d. Ledge 4 was represented by 19 blocks of d--nse and I of shaly

*Rock-Crolor ehart. -

12



V

limestone. Most of the blocks had partial clay coatings. The rock was light

* { olive-gray*, fine grained, and somewhat oolitic like part of the rock from

Ledge 1.

17. Menefee Quarry (VICKS-35 G-1(2)). There were about 200 pieces of

medium-grained limestone ledge rock in this sample. Most of the pieces were

blocky, and about 12 by 11 by 6 in. in size, with a size range from 8 by 6 by

5 in. to 21 by 12 by 10 in. Most of the blocks were yellowish-gray* with about

one-quarter of the blocks light oiive-gray* with scattered regions of soft

grayish-yellow* porous rock; there were a few light olive-gray* blocks. The

sample was regarded as one variety for riprap tests; all the slabs tested

according to CRD-C 144 were the yellowish-gray* variety.

18. After the samples for riprap tests had been chosen, the remainder

was crushed to produce.aggregate of 3-in. maximum size. The particle shape

was blocky with well-rounded corners and edges in the larger sizes, with

tabular pieces increasing in the smaller sizes. All of the color variations-

were expected to behave alike in concrete.

19. The yellowish-gray* limestone making up most of the sample included

two varieties. The predominant one was medium-grairedlimestone made up of

anhedral calcite grains, containing many small discrete voids which were

resi'onsible for the low bulk specific gravity of the rock. Part of the rock

was highly fossiliferious and contained vugs partially filled with calcite

crystals; sone contained limonitic stylolites or had limonitic surface coat-

ings. The minor variety was fine-grained dense limestone which contained

* Rock-Color Chart.
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about 10 percent dolomite, a small amount of quartz grains and chert, and

occasional black stylolites.

20. The light olive-gray* limestone was like the medium-grained

yellowish-gray* limestone but contained iron oxides, including limonitic

stylolites and limonite disseminated through the rock. Soft powdery red

hematite coated surfaces and also was disseminated through the rock.

21. The light olive gray* fine-grained limestone contained scattered

regions of soft porous orange material composed of dollmite with calcite,

chert, and clay mica, *Lnd inconspieious regions of calrareous chert. The

chert was not chalcedonic.

22. The varieties in this sample were recrystallized calcarenites,

showing differing amounts of recrystallization, possibly related differences

in grain size, and various concentrations of iron oxide. R

23. Siegfried Fine Sand (STL-19 S-l). The sample was a clean quartz

sand (table 2); all passed the No. 50. sieve.

a. Quartz. Quartz was the major constituent in irregular or

block grains with angular edges. Some of the grains were well-rounded

blockly partic)les,

b. Cher::..r. Chert, including some with an index of refaction below

1.544, made up 10 percent of the sand.

c.e r. Fresh and altered plagioclase and potassiLumn feldspar

were minor constituents.

*Rock-Colon Chart.
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d. Miscellaneous. Micas-muscovite, biotite, glauconite, carbo-

nate fragments, green hornblende, and garnet grains, and other mineral and

rock grains vere classified here.

" 
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Summiary

Riprap -

24. A 6-in.-diameter core from Gibbar Quarry No. 4 (STL-19 G-I)

and three 6-in.-diameter cores from West Luke Quarry No. 5 (STL-19 G-2)

were logged (fig. 1 through 4). Ledge rock samples from Stotz Quarry

(STL-19 G-3(A), (B)), Charlie Bussen Quarry (STL-19 G-4(A) through (D)),

and Henefee Quarry (VICKS-35 G-1(2)) were examined. Important lithologic

varieties° in each sample were chosen for physical tests. *The bedding of •

all the limestone was thick enough to allow production of blocks large

enough for riprap. RocO. from the Henefee Quarry (VICKS-35 C-1(2)) and

Bussen Quarry (STL-19 G-4.(A) through (D)) were least affected by freez-

ing and thawing (CRD-C 144).

Coarse aggregate

25. All of the samples tested as riprap, except STL-19 G-4(A) through

(D) from Bussen Quarry, were considered as coarse aggregate. Screening

tests were made of all four to detect rock capable of the dedolomitization

reaction in concrete. Rock from depths of 90 through 104 ft in core WSG/1A,

West Lake Quarry No. 5 (STL-19 G-2) contained proportions of dolomite in

the reactive range and expanded where stored in I-N NaOH (tablel, fig. 5).

Rock from this zone probably represents the top of the lower 35-ft ledge.

If all three ledges were simultaneously quarried, the resulting aggregate

would probably not be expansive in aoncrete. Rock from the other sources R

considered as coarse aggregage did not contain dolomite proportions in the

reactive range. 4.1

I A16
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Fine agjrefate

26. The fine blending sand (STL-19 S-i) contained 10 percent chert,-

including some chalcedonic chert. If the sand were used in amounts such

that chert amounted to 5 percent of the fine aggregate, lowalkali cement

should be specified to avoid the possibility of deleterious alkali silica

reaction.
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Table 1

Length Change; Limestone Cores (SThL-l G-2)

Speci-
Depth. Lithologic men Percent Length Ch.nge at Ages Below(a)

ft Variety Noj 7 14 21 28 5b

55 Dense dolomitic 1 -0.015 -0.008 -0.030 -0.030 -0.046
limestone 2 -0.016 -0.023 -0.031 -0.039 -0.031

90 Soft dolomitic 1 0.032 0.024 0.024 0.056 0.056
limestone 2 0.066 0.088 0.081 0.081 0.11.0

94 Soft dolomitic 1 0.047 0.055 0.047 0.-•55 0.078
limestone 2 0.043 0.007 0.021 0.093 0.100

103.9 Dense dolomitic 1 0.049 0.082 0.066 0.115 0.140
limestone 2 0.079 0.165 0.197 0.221 0.291

(a) Shrinkage is indicated by a minus sign.

- ~ --



Tab le 2 .. ,1Kz;

Composition of S4egfried. Finc.Sand :(STL- 194 -1)
from Ruma Asphalt Co.i RuA*a, Il-1,

CAmount in Fractions, Retaflue We.ght"d

on Sieve0 s S"own. 2l-ow, '-veragp

nonstituent Percent
No. 100 No. -200

Quartz 68 75 74

Chert 14 9 10

Feldspar 7 66 6

Miscellaneous(c) l1 10 10

Total 100 100 100 :

(a) :Based on examination of 300 or more particles in sieve sizes above.

(b) Calculated from the grading and the composition of sizes shown.

Material passing No. 22, 7.3 percent, was included with the No. 200
material in calculation.

(c) Includes micas, carbonates, hornblende, garnet, and various other

rocks and minerals.
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Legend for Core Logs A

-3:

Dense limestone or dolomite,

-Limeastone or dolomite with shale laminations
or occasional shaly streskA.

_z__ Shale or very shaly 11mastoni.

D II] Limestone e.r 0,olomite containing ve~rtical
or ;liap-onal fractures.

Limestone or dolomite conzainiug stylolites.

Limestone or dolomite containing short
"stylolite-like patches or reams.

Limestone or dolomite cont&ining chert
-*j nodules or seans.

Figure 1
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Gibbar Quarry No. 4 -Red Rock, Missouri X1..

0.0 - 37.5 Not sent.

S37.5 - 40.8 Brownish-gray and tan mottled
dolomite with large lenticular
brown to gray chert nodules.
Chert nodules up to 2 in. thick
and cover considerable amount of
cored surface.40" 40.8 - 42.1 Gray-brown and tan mottled dolo-
mite. Tan mottling has earthy
texture and is cofter than gray
portion of rock, massively beddOd.

42.1 - 46.8 As above, becoming somewhat
stylolitic. Less mottlipg in
bottom foot (45.8 - 46.8).

45-

46.8 - 50.5 Brownish-gray dense, somewhatmottled and cherty dolomite withclosely spaced, short discontinuous,
horizontal-lying patches and stvlo-

h.p.,. lite-like planes composed of earthy.
.Ktextured, somewhat weathered dolo-

mite. Becomes more weathered and
vugg"y from 49.4 50.5 ft.50 A

Figure 2

43
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Gibbar Quarry No. 4

50.5 - 51.1 Light brownish-gray ailcy dolo-
mite, thin bedded.

51.1 - 53.1 Brownish-gray, mottled dolomite.Mottled portion of "rock stained,

appears weathered, more porous
than rest of rock.

53.1 - 67.3 Brownish-gray dolomite with short,
discontinuous, horizontal lying
"patches and stylolite - like

55- seams as in interval from 46.8 -
50.5 ft.- Iron staining along seams.
Occasional small rugs in zone from
56.1 - 61.5 ft, some vugs filled
with soft, white material, probably
gyPSUM*

60 '

65

_'7.3 - 70.0 Gradsz into brownish-gray fine
to medium-grained dolocaite lime-
stone with tan mottling in
stylolite-like seams as above.

S~2
70 J Mi
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Gibbar Quarry No. 4

70-
fv = 70.0 - 71.4 Dolomitic limestone as above.

Diagonal fracture from 70.0 -
o 71.8 ft.

71.4 - 76.9 Dense dolomitic limestone with
stylolite-like planes in 71.4 -
72.4 interval grading into dense
dolomite from 72.4 - 74.3 ft,
then grading into fine-grained
dolomitic limestone with thin,
shaly stylolites. Tan to white
chert nodules from 74.9 - 76.9 ft.

7 5-

A

76.9 - 81.6 Brownish-gray fine to medium
grained dolomite with scattered

• chert nodules. Rock contains
S~many short, diagonal and vertical

fractures, most of which are re-
sealed with clear calcite. Thin
zone (0.1 ft thick) of weathered

80. limestone at 81.0 ft.

81.6 - 90 Light to medium gray, very fine-
grained, dense, fossiliferous,
slightly dolomitic limestone
containing closely spaced, mostly

_horizontal lying pcrches and
stylolite-like seams composed of
dolomite throughout entire interval.

85. "•

j3
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Gibbar Quarry No. 4

90..

r- 90 - 110 Light gray to medium-grayfirne-graincd li•e4tone with
patches and srylolite-like
seams composed of dolciteas above, vertical fracture
from 90 - 9; ft.

95.

A%%~

100- PA

Vertical fracture from i02.1
103.3 ft.

105- i A,

AAI Vertical fracture with 1-in. thick
Coarsely crystalline whire calcitelining; 107.6 - 109.6 ft.

11( 4



Gibbar Quarry No. 4

110. 110.0 -118.3 Limestone with dolomitic
stylolite-like stams and Patches
as above. Vertical fracture,

* 109.6- 114.3 ft.

~AA•

- - 118.3 - 124.0 Alternating thin beds of greenish-
gray shaly limestone, limestone,
and shale.

120-

Note: Interval from 118.3 to127.7 ft represented

material between the two
quarried ledges that is
wasted.

124.0 - 127.7 Highly fractured sandy, shaly
US limestone or dolomite.

127.7- 131.0 Brownish-gray, hard, massively
bedded, fi.e-grained dolomite with
small, paper thin blotches of
greenish-gray pyrite in upper two
ft. Entire section fractured and

135 resealed with calcite.

-vs 47
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Cibbar Quarry No. 4

4

130.0 - 131.0 As above131

131.0 - 133.0 Hard,. brownish-gray dolomite as
,. above, fractures resealed with

calcite, scattered small vugs
throughout interval.

133.0 - 133.5 As above, except weathered red-
dish-brown on fractures.

....... - 133.5 - 134.5 Hard, brownish-gray shaly dolo-
mite. Paper-thin shaly seams.

134.5- 136.1 Hard, brownish-gray dolomite.
131 - Vuggy, fractured, fractures

partially resealed.

136.1 - 137.7 As above, except highly fractured.

137.7 - 139.6 Weathered and vuggy fractured
dolomite, some fractures resealed
with calcite.

139.6 - 140.7 Brownish-gray earthy-textured
140 dolomite, weathered on vertical

fractures.
140.7 - 143.2 Brown and gray-brown mottled,

shaly, vuggy, weathered dolomite.• -- Very shaly 142.2 -143.2 ft.

143.2 - 144.1 Brownish-gray and tan mottled,
dense dolomite.

144.1 - 145.6 Brownish-gray highly fractured
shaly dolomite, weathered on

145" fractures.
145.6 - 146.0 Hard, brownish-gray vuggy dolomite.

146.0 - 148.9 Hard, light gray to brownish-gray
dense limestone with dolomitic
patches and stylolite-like seams.

148.9 - 149.4 As above, with shaly streaks.

149.4 - 150.0 Brownish-gray earthy-textured
150 shaly dolomite.

6



Gibbar Quarry No. 4

15 150.0 - 153.4 Light brownish-gray earth7-
textured, shaly, fractured

"--•" dolomite, weathered along
fractures.

153.4 -153.8 Light gray, dense, fine-grainled
limestone, fractures cealed with

calcite.

153.8 -156.4 Brownish-gray to darkc gray

155 mottled dense dolomite. Vertical

fractures along entire length.

156.4 - 158.2 As abve, except contains thin

shale lhMinations.

158 158.2 FrPa of core.

.7



West Lake Quarry No. 5

0-9.0
Not sent.

51

Light brownish (tan) massively
bedded oolitic limesaone with
vertical fracture along entire
length. Material on one side of
fracture is limestone, on other
side material is reddish browni
calcareous soil-clay. Core shows

10 evidence of solution along fracture,
probably from water moving in a

L ¢horizontal direction. Soil-clay
sean 10.7 - 11.0 ft.

11.5 - 15.3 Tan, massively bedded oolitic lime-
stone with occasional stylolites.
Stylolites at 12 2, 13.2, 13.3 ft.
Fvactured from 14.6 - 15.3-ft with
evidence of solution along fracture.

S15.3 - 16.5 No recovery - Note on box. says
"Clay washed away."

16.5 - 18.7 Oolitic limestone as above.
Fractured; solution evidence along
fracture.

18.7 - 20.6 No recovery; Note on box says
"Clay washed away."

50Figure 3
-50



West Lake Quarry No. 5
Hole No. WSG-1

20

Ool'tic limestone as above, with
90.6 - 21.5 few very thin shaly streaks. =.4

Limestone grades into massive
21.5 - 24.0 brownish-gray, taediun-grained

dense limestone with thin *hale
laminacions from 23.8 - 24.0 ft.
Lenticular chert nodules at
22.4 and 23.0 ft.

- 24.0 - 24.3 Soft, porous, light gray limestone.
2 -- 24.3 - 25.0 Greenish-gray limestone with high

disseminated shale content.
25.0 - 26.0 Grades into calcareous shale.

2-- 6.0 -30.3 Gray fine-grained limestone contain-

ing disseminated shale in ugper foot
grading into fine to medium-grained
brownish-gray fossiliferous lime-

s tone.

30ý 30.3 -31.0 Grades into oolitic limest.one.

31.0 -35.8 Grades back into massive light

:• brownish-gray fine-grained

fossiliferous limestone. Chert
nodules from 34.4 - 35.8 ft.

35 4%

SG• 35.8 End of core.

2
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I

West Lake Quarry No. 5
Little Rock Lanoing, Missouri

Hole W,.SGlIA
(STL-19 G-2)

'4

0 0.0- 1.0 Light brownish-gray, dense, medium-.
grained oolitic limestone.

1.0 --. 5.0 Dense, massively bedded, brownish-
gray, fine to medium-graLned fos-
siliferous lixesLone. Fractured
from 2.5 - 3.0 ft.

5- 5.0 - 14.2 As above, with black chart- ddu.es
iup to 3 in. in diameter in zone
from 5.0 - 9.8 ft.

4

tor

10- o

14.2 - 20.0 Dense, massively-bedded, brownish-
gray, fine-grained fossiliferous

15 . limestone with occasional chert
nodules. Chert band 0.1 ft chick
at 18.5 ft.

20- A--
F2igure 4
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West Lake Quarry No. 5
Hole WSG/lA

2- 20.0 - 30.3 Dense, massively-bedded,' fine to

medium-grained, gray to brownish-
gray, fossiliferous li*escone.
Fractures from 19.9 - 21.0 ft and
24.6 - 26.7 ft. Chert nodule at
30.2 ft.

t

i

2r

30 s 30.3 - 32.0 As above, except containing zones
of disseminated shale.

32.0 - 32.6 Gray shaly limestone with numerous
shale laminations.

32.6 - 33.8 Light gray fine-grained dense lime-
A stone with can chert nodules.

Fractured, 32.6 - 33.8 ft.
33.8 - 40.0 Light brownish-gray, medium-grained

dense limescone with stylolites at
35.1, 35.6, and 35.8 ft. Chert

35 nodules at 34.9 ft. Limestone may
be slightly porous.

2-/

401 2
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West Lake Quarry No. 5I Hole WSGiiA

L 40 40.0 - 42.4 Light brownish-gray medium.-
1grained limez-tone as above.

S42.4 - 43.6 As above, but with thin shale
laminations.

43.6 - 44.7 Light brownish-gray dense modium-
grained limestone.

45- 44.1 - 53.3 Brownish-gray, fine-grained lime-
stone with numerous thin- shale
laminations and a few stylolites.

50-

51.0 Small zone of dolomite.

53.3 - 54.5 Gray, medium-grained stvlolitic
l imes tone.

54.5- 56.2 Brownish-gray, dolomitic limestone
55 becoming progressively softer dowm

to 56.2 ft.

1•I 56.2 - 56.6 Soft, weathered dolomitic limestone.
56.6 - 59.4 Brownish-gray dolomitic limestone and

calcareous dolomite with numerous
chert nodules. Fractured from:% i ••)• •57.5 - 58.8 ft.

59 PA 62.3 Light brownish-gray sublithographic

3 stylolitic limestone.

'IJ



West Lake Quarry No. 5

Hole WSG/LA

60-59.4 - 62.3 Light brownish-gray sublithogrP.phic
dense limestone with fairly open
stylolites every 3 to 6-in. Tan
to gray chert nodules over entire

4 6 zone6

A 62.3 - 62.9 Hard, brownish-gra7 chert.

J 62.9 - 64.0 Brownish-gray dense, medium-

grained limestone, stylolites
at 62.9 - 63.1 ft.

64.0 - 65.2 As above except finer grained and
4 0 containing chert nodules.

66.2 -70.8 Dense medium gray, medi.um--grained
stylolitic limestone. Stylolites
at 65.2, 65.7, 66.2, 66.4, 67.4,S~67.3, 67.9, 68.8; 1/2-in. shale
streak at 68.5 ft. Vertical frac-

ture from 68.6 to 70.8 ft. .

70

70.8- 74.2 Brownish-gray, fine-grained lime-
stone with thin shale lam.inations
every few inches. Very shaly from
73.4 to 74.4. Chert nodules from
72.4 - 73.4. Fractured from 70.8 -

. 73.4

S 74.2 - 75.4 Dense mediuim-grained limiestone with
S~ 4chert nodules.

75- 75.4 - 76.4 Brownish-gray fine-grained lime-
stone with -rain smaie I-rainations.

76.4 - 78.2 Brownish-gray mediwum-grained le e-
stone with few chert nodules sty-

4 lolites at 77.8, 78.0 ft.

78.2 - 80.2 Brownish-gray, medium grained lime-

scone with thin shale laminations.

t 4
80

• ¢ 55



• • •.. .•• . . .. . ..--. . - -•.. .. '- " ÷. ..- .--. -- ','" ' :• • • •...------ - - L

;,est Lake Quarry No. 5

Hole WSG/'IA

80 80.2 - 83.7 Medium-grained. light brownish-gray
dense limestone with occasional
shaly streaks and stylolices. Frac-
tured 81.4 - 81.7 it.

- 83.7 - 84.9• Yellowish-gray fine-grained earthy-
texLured, porous, softer, dolo2i.tic
"limestone.

84.9 - 89.0 Light brownish-gray medium grained
85 • dense limestone; soft streak from

85.8 - 85.9; stylolires at 87.2 ana"

88.7; ahaly streaks at 86.9 and88.2.

89.0 - 91.3 Limestone grades bacl: LiiVo the
yellowish-gray, soft, eartty-"

textured, dolomitic variety. NG
90" shale or stylolites.

91.3 - 92.9 Dense, brownish to yellc.wish-gray
medium-grained limestone with
stylolites at 91.3, 91.6, 91.8,
92.0, 92.6 ft.

92.9 - 94.8 Limestone grades baek to yellowish-

gray, softer, medium-grained to
earthy-textured dolomitic variety.

Fractured from 92.9 - 94.0 ft.
94.8 - 99.0 Tan to brownish-gray medium-grained

95 dense dolomitic limestone; srylolices
at 94.8, 95.2, 96.5, 97.0, 93.1 ft.
Fractured from 9.5.6 - 96.5 ft.

f{

-- "- - 99.0 - 99.6 Dark gray "poker chip"shale.
99.6 - 100.0 Gray, `ine-grainrcd snaly limestone.

100
5

5 6



Wes" Lake Qtuariy No. 5
Hole WSG/IA

100- 100.0 - 103.9 Light gray, hard, dense, very
fine grained to sublithographic
limestone and dolomitic limescone,
massively bedded.

103.9 - 108.5 Light gray, hard, dense, sublitho-
graphic limestonc and 4o -itic
li.mescone with thin shale lamina-
t ions. Shale at 103.9, 104.0,

15104.1, 104.3, 104.6, 105.3, 105.4,
and 105.8 and more numerous below.

108.5 End of core.

6

57



West Lake Quarry No. 5
Hole WSG/IB
(STL-19 G-2)

C 0.0 - 1.3 Broken rubble composed of hard,

light brownish-gray, medium-
grained limestone.

1.3 - 3.2 Broken rubble composed of soft,
porous, earthy-textured, yellowish-
gray, dolomitic limestone.

3.2 - 5.0 Rubble consisting of hard limestone
' as in 0.0 - 1.3 ft interval.

5_ 5.0 - 6.1 Highly fractured, yellowish-gray soft
earthy-textuied dolomitic Itmestone.

6.1 - 10.0 Limestone grades into hard, medium-
grained, brownish-gray massively-
bedded dolomitic limestone. Vertical
fracture throughout entire interval.

10 •10.0 - 11.2 As above, but becoming f.ner grained
with increasing depth.

11.2 - 11.7 Greenish-gray "poker chi," shale.
11.7 - 15.0 Light brownish-gray, massively-

bedded hard, sublithographic dolor,

mitic limestone. Fractured from
14.0 - 15.0 ft.

15J 15.0 End of core.

Figure 5
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J ~IAT, . z*:-.sor ?'.~'o: RIPRAP fTr5Tt 117________
L.AT.. 37 LOG. 89 DATA SHEET [T _________

-.A& Sv"SO. "tdO STL-L9 C-1 YP -7 .dAY. !a.
.. ATO Sec 11, R 12 E, T 35 N. Perry County, 'jissouri. iiý6r Ig-a+

'aQQ~CEgc Southern River Rock Co., 110K 33, -Perryville, Mia.4miri

SAbIWAtD Sy- St:. Louis District
TC5YeD raft. KAskaskia River, Illinois, Navigation Impproveme~nt
PAOCESSANG SEFORE TESTIN.G

CAOLOGCWA,. fORMAT ION AkO ^A:L

CA,4 I.~ (CP~O-c C I j)(CU64. QF PASSING)!j TEST RESULTS 3ei 77*:;W 11(*, im lnr

SIEVE 3-6" AGG. allL 5P 5A SUJRF DAlVCRO-C WI00*OS - '79~

44AaSSOPTION, PER CINYT (CA-C. b0',I06 - 10LL.4
SON 1 Omi*.c om itacs, rsG. *-tcRO-c 12) - -P

46 s' or r PAaiLacaS 7 ;C~A CENT (CRO- C '3O).

-j IN PIA C147 FLAT AND ELOWiONCD CAOD-C I,)I 1---..1
WIEK."4EW AV. % LOSS, SCYC. U350.00 f -I.S4.j)(CVO-Oc 1.5) I

Ij IN. IIAaRAaSIOM L.OrS (L. A.),,09(CPO-C 197)* -- - -

I~4*II __ U0611 WT., Ls/CU rT (CRfOC 10); 1 '62. &~6L,67Q:...
- Toughness (CDC12: 747I.17k

II'. ~ ~ ~ ~ ~ CA f- 4r40A, CDC 3 LIC.NTC, -6(CAD -C 122)2
SPE ~ ACCIFIYC KET V,-aoc. (CAD-c 124)'

NO4RATVT W*1.4 116O06 (CR0-Cit)S 1 ./

mosmAA-hmA..NG P*OPCRkI.CS (COO-C, 1ie)

NC 30 I C CEMCNT I 01A YIODAV,..OAVS - d

NO =5-c - LINEAR THERMAL EX^%NSIOk LAm i'0G r. (Cca-c 1215,126)!

NO.0.IGO ROCA TYPE PARALLEL ACROSS ON AVIAA-.E

-2001L 1
(.b C-10- 105 (b)CAD-C 104 OT ;

UMAR%-BAR EXPANSION AT 0 Fo, 4. CCAD-C. '23)ý n' Z&~G~iCAS A1 iGT

1 3 AO. 6 MI 9 O. 1 ho 3 40 6Mo It Mo. IL, m I
LOW -A-...4CEENl: '7. P4030 CLOUVAL.E'.:

K.H A..A.sI&CbCT: OU N0810 CO.AV^LEMY -

SOUNONE55 194 CONCRETE cCCO-C 400 164)- & r Wv CD40-

F.C~ A4C.GSC5 S- COARSE ACC, Sm-19 G-1 DEOOc0  1
FINE AGG. Oa FIjPEINOGRAPI4I DA'A (CRO-C 0211:

Th.-, rnu-her to the lert is the height o,7M blow at :ih In e..-

-j>erno!ndi~cular to the structural*weakness and the numher to ti.%; ~ s iii
hei ght or the blow parallel to the~ structural weakn~ess of
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Corps of Enginecrs, ITSAE Riprap Data Sheet Concrete Division 1

P. 0. Drawer 2131
Jackson, Ms__isippi

Project Date
Kaskaskia River, Illinois, Navigation Improvement May 1965

STL-19 G-1 (6-in. Core) Gibbar Quarry No. 4

Toughness. (CRD-C 132):

Height of Blow at Failure, cm
Perpendicular to Plane Parallel to Plane of

Test No. of Structural Weakness Structural Weakness

Limestone Dolomite LLmestone Dolomtite

1 6 4 5 9
2 8 6 5 4
3 6 10 6 8

Avg 7 7 5 7

Freezing and Thawing in Water and Alcohol (CRD-C 144):

Final OD wt.
of Fragments

Larger Than
Original 25 Z of Wt Loss

Type of Specimen OD wt. Original wt. During Cycles
Stone No. 7. Test, % Cmpleted

Limestone 1 57i0 0 0.0 100 i.
2 5567 5552 99.7 0.3 20
3 5233 4917 94.0 6.0 20

Avg 35.4

Dolomite 1 5403 3728 69.0 3!.0 20
2 5598 5465 97.6 . 2.4 20
3 3229 3048 94.4 5.6 20

Avg 12.7

WES Form No. 1115
Rev. March 1964 61



Riprap Data Sheet

1. Samples were taken from the intervals shown below for riprap
tests:

I ... Depth-sA. ft Rock T'--.vn_..e

39.4 to 40.3 Dolnmito

54.5 to 55.6
59.6 to 60.6
68.1 to 69.0
79.4 to 80.3

h2.4 zo 83.5 Limestone
36.4 to 87.3
"95.7 to 96.8

104.6 to 105.7

117.0 to 118.0

2. After 20 cycles of freezing and thawing according to CRD-C 144,

the following observations were wade:

a. Lrcon:Piece 1 had fragmented into pieces weighing less

than 25 percent of the original veight. Piece 2 had 'ost minor amounts

of material; Piece 3 slightly more; both were fragile.

Dolot'ite: The chert band in Piece 1 was disrupted; irs

I weight c .ned with thi weight of the otherwise unaffectt-d end of the

slab was 31 percent of the original. Losses from the other two pieces

were trivial.



a. Before test

P G-118eAR QUARRY -& ~~f.t

4W

b. After test

Fig. IA. Gibbar Quarry stone tested for freezing and thawing in an 0.5
percent solution of water and alcohol.
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W Ge 6#R QUsARRY N& VM

7ý-

b. After test

Fig. lB. Gibbar Quarry stone tested for freezing and thawing in an 0.5
percent solution of water and alcohol.
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k).A 3 LO90 OA.TA SH-EET ;OAT-E . '

~LOCATION: Sec 19. R 9 S , '1 38 X. S e C o - v c v aCox

,lock. 4 iss 0u ri .
ip~c:west L.Lz '.Uarrv and ~<crahCo. , 2:ý6, 7-

SAMPLED Vs' St. Lnis.a District
:CSTED OR: ~ River, Iliii~oS, v! i~nnT-v~

PROCESSING BZFOAC TESTIN~G:

O~O0GCALF0MA7I0N AND AGC: Sze. Cenevieve limestone and St. 'Louis Ii:tnP
-. cc group, eliddle iss- 2 inA.

GRDK (CAD- G ____________ -4 PA Jtr EST .RESLT 00- I; CNf SIVE 3-6,I-" -~--" rihz'IAG.
AGG. ULK SP .GA SAT. SURF DP'.'(CAD-C 107,106): ?- ~2

&;.A-;p.vt.PRcc.%- (CAD -C 107, 108). g " . 3 2
---____- -- -------F

- S N _ _ _ _ _c __ - I M- -; I-I Z- r : . N ( A .2 1) * _ _

4: N. 150T-T IS !,,LSP-CrT(CD 3)

2likCC&T FLAT AD ZLON<.GATCD (CR0-C 119,,20):

I j__ I.%- -3RAS40 LOSS (L. -c A2 7CD- .0),~/-* C

I NO COA D juiA -fNTE,'7 P (0CATI CA C122 6)

'-N 5FCF- T.ItAM-aT.U/. EXP. F. (C.O. A:0~D E6 F.(C2-4): ~ 2

'ool I ~~~_____ I AA0CsAIN PPCTYE IZSIARS 0 VRG

N0.O O ; (CA i C 1,6

CNDO 1001 (b)RD- lG JMORA

I FJEz AGGREGATE * COAP57- AGGAErGATE_

jlAGATAR-EIAR EXPANSION AT iOOF, -7. CCAD-C 123) MO 6M. M. 12 O 3 O. 6I ! MO 2 0

LLOVW-A.K. CEMLNT '76 Na2O ZOUW.ALENT: ,

mr, -ALK&CrME,4T -7. --sc0 FECLIVALENT I

FINE. Ar-G. COARSE AGG: DFZ,00

TNAGO. COA;.SE AGG* 3c.
0E~~

PETROGRAPHIC DATA CCAO-C 127):

=IAr_?AARKS:*~ ~ e to t-.e 0,.z is %ci ý;%t --f o..o-. ;zC.
Iperpendicular to the structural weakness and the number to the rialnt is tlne
lheight of the blow narallel to the structurzl weakn,:ss oi the s~zmpe.
WES FORM 726 JAN. 1951
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'Corps of Engineers, IJSAE Riprap Data Sheet Concrete Division

P'. 0. D~rawer 2131

Project Date

Kaskaskia River, Illinois, Navigation Improvement May 1965

STL-19 G-2 (6-in. Core) West Lake Quarry No..5

Toughness (CRD-C 132):

Height of Blow at Failure, cm
Perpendicular to flane Parallel to Plane of

Test No. of Structural Weakness Structural Weakness

Soft Soft

Dense Shaly Weathered Oolitic Dense Shaly Weathered Oolitic

1 7 8 5 7 4 7 3 8

2 8 12 5 6 4 8 4 7

3 7 11 5 9 3 9 5 6

Avg 7 10 5 7 4 8 4 7

Freezing and Thawing in Water and Alcohol (CRD-C 144):

Final OD wt.
of Fragments

Larger Than
Original 25 . of Wt Loss

Type of Specimen OD wt. Original wt. During Cycles

Stone No. , - % Test, % Completed

Dense 1 5133 5113 99.6 0.4 20

Limestone 2 5035 4745 94.2 5.8 20
3 4443 3806 U5.7 14.3 14

Avg 6.8

Shaly 1 5122 5081 99.2 0.8 20

Limestone 2 5422 4201 77.5 22.5 17
3 5124 4935 96.3 3.7 20

Avg 9.0

Soft 1 4576 4465 97.6 2.4 20

Weathered 2 4265 4238 99.4 0.6 23
Limestone 3 4504 4267 94.7 5.3 20

Avg 2.8
Oolitic 1 4430 4419 99.7 0.3 20

2 5325 5315 99.8 0.2 20

3 4563 4553 99.8 0.2 20
Avg 0.2

WES Form No. 1115
Rev. March 1964



Rtprap Data Sheet

1. Samples were taken fron-Ithe intervals and holes shown below

for riprap tests:

Oolitic Limestone Shaly Limestone
Dlepth, ft 'Hol__e Depth. ft Hole

11.5 to 12.2 WSG-1 42.3 t' 4 3.3 WSG-1A
12.2 to 13.1 WSG-I 45.7 to 46.3 WSG-IA
17.7 to 18.7 WSG-I 48.3 to 149.3 WSG-IA
20.6 to 21.3 WSG-1 75.4 to 76.2 WSG-IA
30.3 to 31.0 WSG-1 79.1 to !0.2 WSG-IA

Soft Weathered
Limestone Dense Limestone

Dep th, ft Hole Deth1, ft ____e_

84.1 to 84.8 WSG-IA 6.5 to S.O WSG-1BJ
89.2 to 89.7 WSG-IA 8.4 to 9.2 WSG-IA
89.7 to 90.4 WSG-IA 23.0 to 24.2 Ws!G-IA
90.4 to 91.1 WSG-IA 32.8 to 34.0 WSG-i

64.0 tn 65.0 WSG-IA

2. After 20 cycles of freezing and thawing according to CRD-C 144

the following observarions wire made:

a. Dcnse limestone: Pieces I and 2 pratically unaffected.

Piece 3 broke into three fragnents along an old crack.

b. Shalv limestone: No effect on Piec^ 1. Pieces 2 and 3

broke into two and three fragments; rock still strong.

c. Soft ceathered li-.estone: 1o effect on Pieces I and 2. V

Some surface spalling around old cracks in Piece "3. Rock still strong.

d. Oolitic limestone: The test had practically no effect on

the three pieces of rock.

US 7



a. Before test

WETLAME QuiwmR Af5 DEENSE L -$5

AFTER irES?

b. After test

Fig. 2A. West Lake Quarry No. 5 stone tested for freening and thawing in

an 0.5 percent solutiott ~f water and alcohol.
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a. Bfefre test

Fig. 2B. Wist Lake Quarry No. 5 stone testdfrfezn adtaigi
an 0.5 parcen- solution of water and alcohol.



a. Before test

w~~~sWa LAK (6fam.~. VAAIITN2*ED L. S.

InI

AFTE

b. After test

- - Fig. 2C. West Lake Quarry No. 5 stone tested for freezing and thawing in
an 0.5 percent solution of water and alcohol.
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a. Before test

WEsT LnKE QUARR4' A10. S Oot-mri L. S.

SAFTER 7ksrL

b. After test

Fig. 2D. West Lake Quarry No. 5 stone tested for freezing and thawing in
an 0.5 percent solution of water and alcohol.



STATE: .T~ j '• INDoEx No! I RI-PRAP TErSTED oY:
LAT.:- 38 jLONG.. 90 DATA SHEET DATe' -_ -DATASH _D-1E May 1965
LAS. SYMOOL NO.: .- T-I q.- A . (,-•(1V_ TYPE OF MATERIAL: Ledge rock

LOCATION: Sec 16, t 9 W. T 5 S, Randolph County, Illinois, 1/2-mile N of
Pra'irie du Rocher, Illinois
PRODUCER: Stotz Quarry, Prairie du Rocher. Illinois

TETE D rCO I, Ko slca skia River. Tl 1in gis. Nav ir~at ion Im nrovement
PAOCESSING BE'rORE TESTING:

GEOLOGICAL FORMATION AND AGE2

GRADINC (CRO- C 103)(CUM,.7o PASSING): ITEST RESULTS 3-6 nse Oans-,; FINE
FINE IL J,p es t ohe A G G.

SIEE J6 I-3 '.4i AG.BULK SP. GA, SAT SURF DRY (CR0-C 107,105):

6 IN. IABSORIPTIONPEP CENT (CR0-C 807,108): _01Vi I
,IN. ORGANIC IMPURITIES, FIG. NO (CR0-C 12,): - -

dIN. SOFT PARTICLESI PER CENT (CRO-C 130):

I PER CENT LIGHTTER THAN SP.cP, _(_CRD-C12g):

, IN. PER CENT FLAT AND JLONGATED (CRD-C 119,120):

2IN. WEIGHTED AV. % LOS), 5 CYC. 1ASO.((C) f--I 84-i)(CR0-C 11J)

I "I. ABRlASION LOSS (L.A),7..(C-,-C 117), hJ2.8!25..8 19. -

I IN. UNIT WT., LB/CU FT (CRo-C 1.7)•:,,- I i I i } 0II. Touhnc, s -LR.w,. Ci 7 1 8
JI. II OAL M LIGNITE, -h (CR0-c 122):

IN. !-! I I HEAT, BTU,.L./DEG. F. (CR0-C 124): -

NO.4 REACTIVITY WITH NoON (CR0-C 126)-

-O." - "c,,~)I[I 1 "I -
NO -1 0 MORTAR-MAKING PROPERTIES (CR0-C 116)

NO30 -- YPECEMENTE RATIO DAYST . - _ .OA DAYS.T

NO 50 TLINEAR THERMAL EXPANSION XIO iC-EG. F. (CR0-C 125,120

NO. 100 ROCK TYPE AALLARS ON AVRG

_.. " M " -. I" -0 , , I 0"I o !0 0 , -•

- 12001 ________________________A~II

I." CR0-C 10o (,CR. MORTAR:

MPSC 2FINE AGGREGATE COARSE AGGREGATE
3 LMO 6 Mo. 9 Mo. -2 M(, LAM. O 10 Mo. I.- Mo.

LOW-ALK. CEMENT: - N 0 20 EOUIIVALENT:

HIGH-ALIK.CEMENT: *7 Na2O EQUIVALENT:I

SOUNDNESS IN CONCRETE (CR0-C. 40 IF) FLT NW-CD -HD-CW

FINE AGG.COREAs "FINE AMG COARSE AGGI OEo
PETROGRAPHIC DATA (CR0-C 121)-

ACMARKSn'The number to the left is the height of the blow at failure in cm,
perpendicular to the structural weakness and the number to the right is th2
height of the blow parallel to the structural weakness of the sa.Vple.

/, 6 VWES FORM 728 JAN. 1 72
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Corps of Engineers, IISAE Riprap Data Sheet Concrete Division
P'. 0. br.awer 2131
Jackson, Mississippi

Project Date
Kaskaskia River, Illinois, Navigation Imrprovement May 1965

STL-19 G-3(A) Upper 13-ft and middle 10-ft ledges, St•ttz Ouarrv

Toughness (CRD-C 132):

Height of Blow at Failure, cm
Perpendicular to Plane Parallel to Plane of

Test No. of Structural Weaknes3 Structural Weakness
Dense Shaly Dense Shaly
Limestone Limestone Limestone Limestone

5 7 6 b

2 8 8 9 10

3 6 7 6 7
Avg 7 7 7 8

Freezing and Thawing in Water and Alcohol (CRD-C i44):

Final OD wt.
of Fragments
Larger Than

Original 25 % of Wt Loss
Type of Specimen OD wt. Original wt. During Cycles

Stone No. % Test, g, Ceted

Dense 1 1.006 3969 99.9 0.9 20
Limestone 2 4520 4509 99.7 0.3 20

3 4584 4521 98.6 ) .4 20
Avg 0.9

Shaly . 4274 3658 S5.6 14. i 20
LimesLone 2 4232 4178 95S') 1.3 20

3 4425 4400 99.4 0.6 20
Avg 7.8

WES Form No. 1115
:• •/Rev. March 1964 7



Corps of Engineers, IISAE Riptap Data Sheet Concrete Division

K P. 0. Drawer 2131

Jackson, Mississippi

1Project Date
Kaskaskia River, Illinois, Navigation Improvement May 1965

S._-19 G-3(p) Lower 14-ft Ledge, Stotz Quarry

Toughness (CRD-C 132):

Height of Blow at Failure,cm
Perpendicular to Plane ParalLel to Plane of

Test No. of Structural Weakness Structural Weakness

1 6 8
2 9 7
3 9 6

Avg 8 7

Freezing and Thawing in Water and Alcohol (CRD-C 144):

Final OD wt.
of Fragments
Larger Thar.

Original 25 % of Wt Loss
Type of Specimen OD wt. Original wt. During Cycles
Stone No. It 7_ _ . Test, . Completed

Dense 1 4301 42%'17 99.6 0.4 20
Limestone 2 5248 5228 99.6 0.4 20

3 4487 4463 99.5 0.5 20
Avg 0.4

WES Form No. 1115 74
/ ," Rev. March 1964
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Riprap Deata Sheet
I

1. After 20 cycles of freezing and thawing according to CIL)-C 144

the following observations were made:

a. STL-19 C-3(A).

(a) Dense linestone: Very light surface spa'ling and

and fragmentation along stylolites of all 3 pieces. Piece 3 developed

open crack and was becoming fragile.

(2) Shaly limestone: This rock was much like the dense

rock once it was sawed. Light surface spalling and frag., entation along

cracks and stylolites during test. Piece I lost two large frarents

along old cracks. Pieces 2 and 3 were becoming fragile.

b. ST•L-19'G-3(B).

(1) Dense li-mestone: Light surface spalling and fra.V.enta-

tion along stylolites. Piece 3 developed a crack.

c. Both ledges. Visible effects of test more pronounced in

rock from upper ledge (3A). Some tendency for rock to develop cracks

perpendicular to bedding direction, thus becoming fragile.

75
II
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L• rLNo

I

a. Before test

b. After test

Fig. 3A. Stotz Quarry stone from ledges 1 and 2 tested for freezing and
thawing in an 0.5 percent solution of water and alcohol.
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Saro. QUPARR LEVEL N~5 5

a. Before test

b. After test

Fig. 3B. Stotz Q',Iarry sr-me from ledges 1 and 2 tested for freezing and
thawing in aiý 0.5 percent solution of water and alcohol.

77



m STOTZ QUARRY LEVUs No. DIHSLL..m

a. Before test

b. After test

Fig. 3C. Stotz Quarry stone from ledge 3 tested for freezing and thawing
in an 0.5 percent solution of water and alcohol.



STATEý : IINDEX NO RIPRA? ETD ~ :

LAT.: LONG." 90 DATA SHEET (DATE V.'" iCrC

LAa. SYMBOL NO.'- L 9(- (~.4( (~ YEo MATERIAL:

LOCATION: Sec 12 R 8 E. T 38 N. Ste. Cenevieve Cotunty. ?.!i'ouri I

PRODUCER: Charlie Bussen Quarry. Ste. Genevieve- Missouri .

SAMPLED aY, St. LoQuis District

irro rom, K..On.kiz River. Tllfnols, MavinAt~on TmprovemLent
PROCESSING BEFORE TESTINr

FGEOLOGICAL FORMATION AND AGE: Salem Li-mest-one. Meramec rgroup- Middle -.J.'ns _-q_-z -

GADING (CR0-C ,03)(CuM.-'o PASSING): I ,- ' " . -

S - A G. . 13U L K S P . C E S AT S U R F C R Y CA D - C 1 0 7,108 ) : 6 1 1 2 6 4 1 1 2 -6
(1 114. ABSORPT.ON, PGEA T SR R(CRD- C 107, 108): __ __ _ 7 11, 5 11 1 i0

SIN. ORGANIC IMPURITIES, FIG. NO (CAD-C 120'

4,N. SI OFT PARTICLES ' PER CENT (CAD-C 130): I
3IN. .PEA CENT LIGHTER THAN SP.GR....."CRO-C 120)4

21 IN. jjPER CENT FLAT AND ELONGATED (CR0-C 119,120): __ -
2IN. WEIGHTED AV. %. LOSS, 5 CYC. M9 SO4 (() -2•- 14- )(CRD C 115)

II IN. ABRASION LOSS (• L A.),., (CAD-C , i2. ,

I IN. UNIT WT., LB/CU FT (CRD-C107): ..52. 6 2. ' - ')I

'IN. - Toughness (CRD-C 132): 7= q / 7 /.'O
i IN. jCOAL AND LIGNITE, -) (CR0 -C 122):I- -I-

IN. SPECIFIC HEAT, B7U/LS/DEG. F. (CAD-C 124): I

N04 REACTIVITY WITH NoON (CR0-C 12 )[sc,,..' 'NO. 1-a I loo,m--q I I ,
NO. IC I I MORTAR-MAKING PROPERTIES (CRD- C 116)

N 3 TYPE- CEMENT, RAT IO_ DAYS,__.._ DAYS, -

NO.50 LINEAR THERMAL EXPANSION IO •/OEG. F. (CAD-C 1215,126):

L'.oIZ{-ROCK TYPE PARALLEL ACROSS ON AVERAGE

- 2oo', " i
(c. CRO-C 105 (b)CRD-C 104 MORTAR:

FINE AGGREGATE COARSE AGGREGATE
MORTAR-BAR EXPANSION AT IOF, -To (CRD-C 123): . MO. * 0. ,Z-O.I Mo., Mo. M 

1

LOW-ALK. CEMENT: *7o NotO EOUIVALENT: I

HIKH-A.K.CEMENT: o NoZO EOUIVALNT'

SOUNDNESS IN CONCRETE (CRD-C 40, 114): f &T jiW-CD H-CWg

FINE AGG. COARSE AGOI DFE3 00

FINE AGG. COARSE AGGt " OFE 1 0 o

PETROGRAPHIC DATA (CAD-C 127):

ALMARKS: * The numberd to he left is the heigot of the blow at failure in ci, '

perpendicular to the structural weakness and the number to zie right is the -

height of the blow parallel to the structural weakness of the samples.

WES FORm 726 JAN. 19!,I 79



Corps of Engineers, IJSAE Riprap Data Sheet Concrete Division

11. 0. Drawer 2131
Jackson, Mississippi

Project Date
Kaskaskia River, Illinois, Navigation Improvement May 1965

STL-19 G-4(A) Led-e No.. 1..%!-;sen O,,arr•v

Toughness LCRD-C 132):

Heieht of Blow at Failure, cm
Perpendicular to Plane Parallel to Plane of

Test No. of Structural Weakness Structural Weakness

1 6 3
2 8 10
3 8 9

Avg 7 9

Freezing and Thawing in Water and Alcohol (CRD-C 144):

Final OD wt.
of Fragments
Larger Than

Original 25 % of Wt Loss
Type of Specimen OD wt. Original wt. During "Cycles
Stone No. 7. Test, % ComipIeted

Dense 1 3272 3261 99.7 0.3 20

Limestone 2 408 4052 99.1 0.9 20
3 5313 5308 99.9 0.i 20

Avg 0.4

WES Form 'No. 1115 80
11/ Rev. March 1964



-• % Q. ;, r-•V'x - i-•- s - - . ,..>• . • -- • ; • . . . . .. •

,:Corps of r zlnoers, iSA-.", Daa"..e z 'e:crp . '.c~s LIS, aiprap Data Shceet *'..'-r,.:•!..:.'.. .,..-

r.,.,.......*T- .,,' h .
I Kskasia R-'.vr, I1linois, Xavig.ation Trove-.e:: .:,v C)6z

STL-19 C-4(B) Ledge No. 2, Buss.ý:i Qua rry

Toui•hness (CRD-C 132):

llei-,ht of Blow at F-."7t:rc. c-
Perpendicular to Plane ?ar.. , .- .

Test No. of Structural Weakness Stnicturý.i Weakness

I 1 9 9
2
3 9 7

Avg 9 9 I
9 7Ii

Freezing and Thawing in Water and Alcohol (• :'-C i4'_•

of Fsra75 .gment s2
Lar -,n "Tan

Original 25 4 ol WE Lrbss
Type of Specimen OD wt. 0r;>"inal .I.,:.

Stone No. ."S_ , L _

!Dense 1 4467 4453 99.7 01.3 20

Limestone 2 4687 4677 99.3 0. 2 20

3 4482 4475 99.8 0.2
Avg 0.2

.: ,!;s F o r m N o . 1 1 1 5 8 1
Rev. 'arch 1964



Corps of E'ngincers, iISAr.* Ripra;, Data ShŽet r.Z sr:

'.s(S(aRiv-2r, Illinois, Na vga t on imro v cer c

i ':)u;hncss (CRD-C 132):

:!~i'~.t Bl iow ZZt ?->e.C~ _______

Perpcnccular to z .. .

Tct o. ofSzru~cturall We a<rs i ,

Shalv i-mestone Dense L~iestone Sihalv !Li7-s ane Don.-;e L:esltor.,i
1 ~7

2 7 1.0 8 7

371.0 6 8
A ý7 9 7 S

Fr eezing and Thawing, in Water, and A1.cý.-ho' (~- i

Orig-inal 25 f ~ !.,
TYpe of S P,ý C. cn 0) w t. ullri,-ina. ut. Dh rn,~ Cc

S t 0e- No. ___ Z

i Sbaly i 4f;97 4 785 97.7, 2. G0

L imne son e 2 4 3 53 4310 c99J iC) 20
3 4319 4269 95.8 9 .2 20

Avg,

Dens,- 4766 4729 99.2 ).S32

Lin.-.es tone 2 1;492 4-1484 99. 8 . )~.2 2 -
3 4022 3971 95.7 1.32

Avg 0.S

No. ~82
Rev. Marcn 1964*



,orps o" En-ineers, USAi Riprap Data Sheet Concrete

-Ka~xaskia River, Illinois, Nav!igation M..•oe-~:5av .,:5;I.,

STI-19 G-4(D), Ledge No. 4, ISussen Qtiarry

T0ouhness (CRD-C 132):

Heitht of Blow ac F'ailure, crn
Perpendicular co PLane -.... ,....... .

Test No. of Structural Weakness Strct__ ural __kn__ ss

1 8 7
3 6 8

Avg 7 8

Fr.eezinZ and Thawin," in Water and Alcno~-l(C)- Z!'

74nal 03wt.

Larger Than
Origin~al 2 ý G." W*;*.-

Type of Specimen 00 wit. Oriinzy.. -. ý1 n .ce
StonaNo..% 7.

De0.nse 1 4932 4925 99.9 0.1 20
Liestone 2 4722 4719 99.9 0.11 20

~Lm3 4319 4300 99.6 0.4 20
Avg 0.2

o WES Form No. 1115 83
1964r



Riprap Data Sheet

After 20 cycles of free~zing znd z'iawing' zh*; fo Ooins.-t~n

were made of sa~'ples S-11-19 0-()thrzouý; G-'. 1. ere was

Ieffect on any of t~he rock tested excent the z~~':-,eces o. e"': 4-C.

T. o of the shz.y pieces s~howed spafling and crac' u -'ný

planzes. Ter)ck- of t"he s~a.bs from.- leds 4~;. :-;h4.D wr Z :.e

rock fro;-- the Stotz Quarry, (S4:1-19 0-I(A), C3)) na?nt~aanrae, iOUt

t he CL were ',,:s ef-fects Of the test, visible on-h rock

84



CURRLIE BUSSEW QWWSY LW6sz NO. .1 Di. uILU~

a. Before test

-IF 2_** F.

b. After test

Fig. 4A. Bussen Quarry stone froxn ledge No. 1 tested for freezing and
thawing in an 0.5 percent solution of water and alcohol.



ECUARLIE BUeSSE" Q&Wa~mY "Wf o DENSE L-S6

a. Before Test

SCHARLIE B14SSEN QItnmay LsAmz"s.2- Drws LS,

b. After test

Fig. 4B. Bussen Quarry stone from ledge No. 2 tested for freezing and
thawing in an 0.5 percent solution of water -in," alcohol.



'7-4

a. Before test

!CR*RLIE BwsS"Etf Oaat

b. After test

Fig. 4C. r quarry stone from ledge 3 tested for freezing and thawing
in an 0.5 percent solution of water and alcohol.



&4RU4

2v4

744

a. Afefre test

F-7.4. use QuarLry Bstvoine y Luux leg 3 tetd frfeeznadthwn
in a 0. perentsoltionof ate ardalcholIP



Erpwtamvmsusse v' Ot"A LwEm No. 'tDatase -7s &UI

ZI

a. Before test

CHARLIE Biqsswe QwMV L-ux No. 'f Duist L.5

b. After test

Fig. 4E. Bussen Quarry stone from ledge 4 testL~d for freezing and thawing
in an 0.5 percent solution of water arnd alcohol.



1:5TAIiC. X .40, w ~ ......

LA. LONG. 90 DATA SHEET bDATE '

*,CA.A.GO O.. ~ *5(- YEO .ITRA.O: -: -. 24, E 7 r' 7L 39 N, Sve. Cr'nvieve County, _____

M.-i-mr.C.ugh-4Stonec Co.. Tnc. . 0- ',ny 12?- '>

PROCSS.G 13FCI I STiNG.

GEOLOGICAL FORMATION AND AGE: Ki-,imswick lini::oneMide O:(jvienqo4;ra;:

GRAANG (CR0-C IOZ,)(CUM.-o PASSING) TEST RESULTS I I4 VN

BEILKE SP. GA LSATSURFCYC u9 O(CDC) 107,105j): CoC15
G~IN. A3SRPION, LOES (LENT~ (CAD-C 10,106). - -___i-t--t-t-MPRITES,--G N -- 1224): ___

IjIN. LOSS__ (L__ A_________ 117):__r,

ISrJI HEAT, sTUJ/L8/DEG. F.I-D- 2)
".,04 CIITY WITH NoON (CR0-C 128)'cn

jNO.8 aA, -M/L' _____

NOL16 IMRA-MKN PROPERTIES (CR0-C 116)

.~'.oSC 111Ty ETYPE-CEENT, RATIO DAYS,........7. DAYS, -~--

PNO !0 I J LINEARTHERMAL EXPANSION XIO '*'OEG. r. (CR0-C 125,126):
NO101 IRO- TYPE PARALLEL I ACROSS ON AVCRAC-'!

NO.20C, 
*

C., CRD-C, 105 Cb) CRD-C 104 MORTAR:

F INE AGGREGATE COAASE AGGAE;:.7E

MORTAR-BAR EXP'ANSION AT IDOV, ?o CCRD-C, 123):

50,ZNESS In CONCkr-.Z cCP.D-C 40.ý 114): & h-OnOC

FIEAGO. COARSE AGG: DFE, 0 0
VINE AGO. COARSE Ar;G1 ODE.-

PETROGRAPHIC DATA (CR0-C. 127):

REMRKS *The uihrto tale lef t is t..e hegtof z'V ow~- at .;.-..

perpendicular to the structural weakness andi the number :., r.sj sthe
Ihi~ht of the blow parallel to the structural weakness of tv~e samie.
WES FORM 726 JAN. 1951 9



Corps of Engineers, USAE Riprap Data Sheet Concrete Division
____________________I 1. 0. Drawer 2131I Jatc'kNon, i s :,,p t-

{Pro j,.c t Da
Kaskaskia River, Illinois, Navigation Biprovement May 1965

Vicks--,__•• -1(2)_, Ledgn h'ck, .Mnef-c- O•,arr:

Toughness (CRD-C 132):

Height of Blow at Failure, c-3
Perpendicular to Plane Parallel to Plane of

Test No. of Structural Weakness Structural Weaknesr

1 4 4
2 5 4
3 5 5

Avg 5 4

Freezing and Thawing in Water and Alcohol (CRD-C 144):

Fnal OD wt.
of Fragments

Larger Than
Original 25 % of WC Loss

Type of Specimen OD wt. Original -. t. During Cycles
Stone No. g 7. Test, 7. Cap2 eted

Dense 1 40,'4 4077 99.9 .1..2 20
Limestone 2 4238 4232 99.8 3 2 20

3 4501 4492 99. 0.2 20
Avg ).2

•,SFo-.a No, 1115 9



Riprap Data Sheet

"After 20 cycles of freezing and thawing according to ClD-C 144

the following observation was made:

SX~~o effects of the !est were apparent nn the rOL'A SIZýII'G.

12

-. I

-'7



-~ - ~ -~-~ - - - 74

a. Befre tes

MENEEE OVARY LjmoI

vI

b. After test

Fig. 5. Menefee Quarry stone tested for freezing and thawing in an 0.5
percent solution of water and alcohol.

9.3



ST.ATE: \l . - Nox 'o" AGGREGATE TFVI E,.:
LAT. 37 'LONG. - 9 DATA SHEET D, . .

,A3 S•ML,0L G-OI TYPE OF PAA7LUiAL. .. , . -l_
f•oSMO O STL-!9 _-I_____o__,____,_.....__•_-__

1 LOCATION:Sce R 12 E. T 3_," - :-rry County. :-li,-•ouri . J:.._i

0PROUCE- Southern River Rock Co.- Box 33. Perrvilln- Min--."

SAMPLED BY. St._ T-ouin Distrit t

PROCESSING BEFORE ,ESTING: Crl,_hing _jný sDratinn intom -nzen

GEOLOGICAL FORMATION AND AGE' Plnt-in m tnp M1dle Ornvrnn A-.,

GRADING (CAO-C 103)(CUM.?, PASSING)' TEST RESULTS *1. ."

IFINE 3-,6 AGG3~ I-~
SIEVE [3_________________________________

AG.' BULK SP. SR ,AT SURF DRY (CR0-C 107,108): 7 2.'' 7 7' .1

GIN. ABSORPTION, PER CENT (C-C 107, 10): 4 ;
SIN. f TCRGA.%1C IMPURITIES, FIG. NO (CPD--C 121), '----

S00 . SOFT PARTICLES, PER CENT (CA:-C 130): 2'.0 . ._ .,-
31N. 95 j PER CENT LIGHTER TIAOJ S,'.GR (CAO-c 129):

2!"- ,, i - I I PER CENT FLAT NELOI•.GATED (CAD-C 11910): ,3,016.1 ,

21N 1381101 WEIGHTED AV. %LOSS, 5CYC. M950((C) -1. 04--'(Cso-c 115) £
IIN. I 51 95i ABAASC . LOSS (L A), ,.(CD-C 117): .') " -' •:-

"I In. 21 321100 uT WT., LB/CU FT (CRD-C 106)

5___ 95 iCLAY LUMPS, '
7
. 'CR0-C 118)

N. - ICOAL AND LIGNITE,, o (CAD-C 122);

_,2. ___ 33 SPECIFIC HEAT, BTU/LB/DEG. F. (CAD-C '24F:

N• " 2 REACTIVITY WITH NoON (CR0-C .2,:lSen-M/L,

1 i j i MORTAR-MAKING PROPERTIES (CR- ,C 116)

NO.303 TY-E -CEMENT) RATI0 DAYS, -4..', _ DAYS, - - 1

110.50 LI NEAR THERMAL EXPANSION X-0 9',I.G. F. (CR0-C i2n,-26)

- ~ ~ ~ -% 1001 1 OKTP PARALLEL ACROSS ONJ E~~

1 ot 1.._____ ..

I Ro TYPI E

, , __ ,_ I INO2001-

-- i•i L I J 1 -I. i
I.) CRO-C 105 (b) CRD-C 104 MI PTA.ý

I FINE AGGREGATE COAS3E ACCGi.: A-.
MORTAR-BAR EXPANSION AT IOOF, 67o (CR0-C .23.: | -- '

LOW-AL.. CEMENT: l7o No20 EOUI'VA~,i: I IHH:GH -ALK.CEMENT: ,o NO EOUIVALE. -- I

SOND,-ESS IN CONCRETE (CRO-C 40D 114): r .-oW-Cc .'-C-

r:NE AGG. 4) COARSE AGO:S_- G-1 DFEoo

FINE AGG. COARSE AGGO OFE 300

PETROGRAPHIC DATA (CRD-C 1273:

AEmAqKS:

• ,WES FORM 726 JAN. 1951

~ ~ ~ - . - -



F~cM: ~ REPORT OF I
U. S. A::F/

Lo~x~js ~..~vs~NSOUMNIESS TEST;J.:o 0b 2 325

(CRD.flSZ,

--O STL-±9 3 .. L C T-

~Job -N. 6624 RiverV Na..r..)

S~,Th-, g c- Svzer R; er ltccCo., s O.:ar'7 n--

GRA ",G1ozGTC ýST I i E.GHT CF TEST ; C,1 G~...
S' EVE FOW tRC.IOS RE ;FRACT IO~,S AFTER AiTER TE$-

SIELATI ON * (Gomx)- TZST (Gvs !AC-T,.AL I SS fg) 5C,~ PER CENT L.3SS2
________FE I Rc?. 2 RLN I RUN 2' \ 2-2~

LNOATJ 4 TO 7.5 c. 3.

~T;t CIO 50n I sonD 9 -c- - f-,j

TOTOTAL n6.,t .r.. ..

s\O ;CFm P ,

?;,,:Ti CLES -NO. ?A1R- CLES AFTER Ti', a
CCNSR. i"XTTST; SPLIT ' c-c. *

(siz* 4 to e. . -

2 1 2 2 2

Limes tone 42 4?! 2,: 3, 2 -
______ ______ ______ _____ e r 2 4 6tu 2 T , .eC

-- ~~~ Cpy ---.

fGRAD: G! *,--:!Gh' OF TEST WEIGHIT l)r TEST % ~S2 4 F..N.R
SEr FOR FRA'C'ING'Ns sEFCRE FRACTIONZ ACTER -;-E 74"ST V,-G4 AVE:ýGzE

SIE jCALCU- -EST ~Gromzl ~ S 'we) ~

3/ - P, -NOt4
NO. 4. 21_ _ _ _ __ _ _I_ _ _

N -0

TOTALS ___ 3 _ _ _ _ _

AVG TOTAL 'Al~ýEIDT AVG P-'S1 5 82irP t~

REMARK(S

r% ;;y ~ OATL OF REPORT

%LS FO.AM 7

PEN .9EC.5*5



-{f.,C %0-. GG EG T 1-r r -: -

LA~.: .~ LO~.G.~ 9DATA SHEET AC...

LAB. Sy.IOOL 1,C.-. TYPE- v9 G . vATC;RIAL. . . .

LOCATION: ec 387st:ok, m -CMiIIyc%,. -r-

~ ~s -ke Ctzirry and Mjaterials Co_ h- S. , 7-r, -*-..

'N 
.,o e

B E O R T ESS TN G v c : I k a k a i i v r ? vn't o r o or
?;~C~.~68EOA TETIG:Ct.ushing and scPýP at-1ne into sizes.

FORATIN ND GESte- C12evjcive limestone and StL- is--.

[1.erar~c gZroup, 1Middle Xississippian Aý;e _________

[GRADING (CkD- G 1O3)(CU~AA 7. PAS,".G): TES RESULTS~
SIV 3-C ' 1 C) IIN _________________________t~Ic; 

AC.I

SIV G.BULK SP. GA SAT SUA7- Day(CCRkl-C 107,l08): i .60-12.6?:'), ý7;
GI. ~ i __ ABSOAPTION,PE.R CENT (CR0o-C 107.too). 1G 6Q* 0. S

SIN. IpjCAGANIC IMPURITIES, FIG. NO (CAD-C 121)- !...-

IN OTPARTICLES, PEP CEIT (CRO-C 130): 6 -

3i.PER CENT LIGHTER THAN 5? CA _(CRD-C 12r):

21Z IN. PE.j 1P R CEUT FLAT AtO ELO%.GATEO (CR0-C 119,120): -- .

11 Ix 51 95j ABASO LOSS (L. A.),7o, (CR0O-C 137)--

uN.~~2 32 .. L.22[1_00~ UNIT WT., LB/CU FT (CRO-C 106):-9- -

"~~~~ 9......iS. CLAY LIJMPS,~ (CR0-C 118)

~N. -COAL A.%* LIGNITE, wb (CR0-C 122):

- .21 ~~~~~ SPEOFtC HEAT,BUL/ G.(CDCI)

t04REACTIVITY WITH NoON (CR0-C 2)I.,uL

NO16-MORTAR-MAKING PROPERTIES (CAD- C s:6

NO030 * TYPE-CEMENT, R-ATIO-OAYS,....7. OY,

NO.0 so LINELARAR_ HERMAL 1EXPANSION XIC. 5iDEC. F. (CAD-C. 125,:261:

NO*2O001 ROCK TYPE PARALLEL !ACROSS ION. z~~

I . M!_ __ __ _

C.) CAD-C. lOS (b)CRO-C, 104MOTR

mORTAAROAR EXCPANSION AT 2004.7.Y (CAD-C 123)- FINE AGGREGATE C.A ________

3 MO. 6 MO. 9 MO. 12 MO.3 .SI& MC 2V

jSOUPN0.%E5S IN CGxCAET-E (CR0-C. to114) w Z -7

FINE AGG. -COARSE AGG-' STL-19 G-2 Dr,
F4.%E AGG. COARSE AGGO:F~

PETROGRAP~HIC DATA (CCA-C IV?):

*Poor particle shape resulted from testing crushed cores.

31 ~WES FORM 726 JAN. L9519



u~~s.~~Y REPORT OF P . ~r23
SOUNDNESS TESTI ako 90

~ '2.SS.Villcv DIVISION (CRD-C I IS) j________________

t-'. o. 6324 Kn--%askia- River 1Nav. Imp Cr!:%;ed limestone
A- ~ I~"

STL-19 G-21 West Lake Qua ry and Materials Co., Bridgeton, ?.issoinri

- EId CF TEST IW&-tr,-T OF ssh 1%P11.R
............... I Z WE ,Eh AV44 TL 0 AVG

jCALc A-.ATON -.EST (GcwmJ JTEST GV@.. e!A! L0tS (I'ATA .LS PER M~tT Less
C* iýN! ai2 qt RMAi2 R%~ __ _ _ _ _ _____ ____

-- z 5 I 150C 13S.1333.A 131.0, 16.3 12.1 11 6.05 5.-55
-.,~ s 72M 29 5 0 0292 9-.9- 2 77. 4, - =3 " 1.9 5

!,V.M:IGiiTED AVG R-4. I A 7' s26

JAVG TCTAl. I?-E:C-TEO AY V,, S I t 2 i431.4 P- t-

C~ST:TUE2NO OFILE %,ITC. PAiiT:CLES A "TER TE.ST
PAISO - I

(Sze to I j ~,x~Rlw ,'
2..j..,.4J.~. r~ 2; 2!

____mc toe41 40 1 'j 10j 16:h 154 1 40

I -.-.- lc-.i i-.-.s

p 2_________ iiri I _IU 2 Rs

SI wr.RAE3AZ.ZNG 14F

AVGJ. TST(~em TOTAL jGmG.a) ACAG P' % I A 21L*- in

14,, 97~4i .



* - - ~ '.oAGGRECATW

j] A7 DAT SHEET IZ' -

TYS'E (0 *-L-,A

S- i__n__n__h ___-nT

D~ s -, .Jc

I ccsw4, Crushng flrd !son~rainn inta izes __________

GrC,^ C a:*A~o ANC. AGE:, Snien lime'n st n. ')L .ec-e i r nun -- X*Q__

I I; ICO- '28) ; - ,C , .
SIVE3- AIG orT ___sp __G__SAT____________ _____1___2_L)

sr -- AItEP& C% (CAD-C 130): * ~ ~ .~.,-

F-3 95 iPEA CC(%T LIGHTER TMA.% SP.GA. jCAD-C 122;-

2-N PERCEN~T FLAT AND CLO-%CGA(.- (CAD- C 119,120)- I

EZ~I1 :% UNI f.T. LB/C., rT (CcA-C 106;:I ~ L.....~ i ~5 LVUMPS..- (C~AD- Ila) ~ ,~UA

_ _I CLAY

OL36 ~m0RTAZI-Ai,,%IJG PACIPEA-ICS (CAD,- C HS)

%3c TjTYPE-CEmEwT, PATIO *YZ A S,

%o NO LINEAR TH4ERMAL EXA_ýý A *-. 1. C 2-CI?,Iz2)

NO:C~ ~ tzR OCK TYPE PAflLI.L ACAOS3 r.:N

(.1cnýC~-c 15!. 4;CoC:O-C 804 -kTn

IoCT--A E XPANSIG24 AT IOOF, qý. ~CAD-C 123)-:

~~2OOa.: EOU;VALENT :c~

LCWý:-ALA .EN7 o NaQO EOuVrALET:

* ~ ZI., CO%C~kE"E cC;kD-C 40o 4): ,.VC "

CC60-%S AGG: STL-19 C-3
~*NAGG.-' - CORS AGO.F~a

- jPETAOGAAP#IIC DATA (CCD-C :27)"

I -
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.SOUNDNE'~SS -1 Es

- L~...~vz~cN (CP0-C 1 15)

s~ V, urr

T-ElKT OF TEST FZ-32S- O TES~i- P'' -TZ i
FZIGzT OF jus

(I ' C - lt

1117; 73F - r

T ;? £ST

rSý .;--.. ; -. . R S r

_______u 1 IfSz.. s~ . ____ _________ To EN________

a FI! A2R&-.a~ _____________ ____________2

L G-~N e st- oC nETf~c-C ~s A~GFN~

I ~ ~ ~ e aEFO_ e'T0.~A5
TEST (Gr"
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F 2 AC:;Ma:

__ __ __ __ __ __ __ _ ____:- OF2 Y--- CF~ TETFA!-. !:
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20 _____________________________________________ ________________________

AVG T,;TAI A*VG Rýj.S IS .

~v1965

99



f ~ ~ NDE N3 AGGREGATE IYFSTED DV" ______

3s 19-3. DATA SHEET loA ~ , !MAY

LOCAT.ON Sec 24.. R I _E_ T 39 N.Ste. Ggneyieve gounty.. Missouri. 1/2 mile SWf

,JCOft Ei-Ienefee Crushed Stone Co__ - nc... P_. 0- Box 38,. Nach','!'i

SA"PIEO BY1: St. Louis IDistriet.
USTED FOR: Kikskaakia River, Illinois- Navfga-ion Imp Qoy~;ent

PAOCESSI'4G DEFOE TESTf4Gý Crushing and seRArating into *JCS*

GEOLOGICAL VOMUATCION 0'0 *ZE: Kinmusick 1,meggone. M4iddle Ordovician Age

G A A D X % 0 ( C ~ tD - C b 0 3 ) (C UM . .-t P A S ZIN G ) ' T E T R S L S3 6 1

SIEVE { AG() G

qM# spA, S" 3aw DAY (CUD-C 1o?01,0): 2__ 6 1,Z2 2i.

SIP- Op*~~~CApY IUMPUIES, r~coll. MM(M8) C 2)

41COA ASoy M11G1TE,) PE CN (CAD-C 432??:.

31M. IVICETY LW~tu NoCH4 (CAO.k__Cft20) Sc~,M/I IZ I
__p _ _ _ _.__ _ý_

Ti -1A ZPZL. ____ ____IDCAGED(M- 2010: 72

3. CA0-C UNIT WT.,CA-' 04 O aTAA T C10 1

72 .. Gt'AL LCMCN7.A %CO- 818 )uVAC

S~.COAL AND LC.CA(TA CAD-C- 1027-)

N. 2~i SPEIFI HEAT -TIBX.V(P 2)

?CAOGAI REATTIT WITHO- N.121)C 2)j._M

WES FO0 726EA JAN.AA EXASON95*DG!.(CC12,2)



C~SC GNES IREORT OF 4~ZiUSEE
U s. * P.O. Drawer 2131 ti

SCUNDNESS TEST Jackson, mississippi 39205
I Lcver'.-:ss. Valley DIVISION (CRO-C IIST)

Sy---C.LVicks- 35 PROECTTAL

"Vick•-3• C-I(2) iMenefee Quarry, Brickeys, Missouri

(S *o )COARSE AGMPEGAT • A

BEV.:ORE ,iG''ro TEST SPLI ,GT CRULD I Ch•E ,LE SzI OA

G;D iC zIZm OFTS I WEIGHT OF TESTI *: ... .. PASN . ...NG W . ..:C.. .. D "!G

TtT I T T G .--E T TS.O,•S (gAT, XA.,.At, LOSS (9 PER CEINT LOSS I •

(Pr T• 9r-1 II,0 R 12 _ -- - .. I._

;(I-N I iLV 2 R~q I IR£u1 12' -f, I .% 2 .4 1 2. *l ' p

___G. 50_ _ 750 6 70.0 688 0 A TS "

I__ _ __lz - 1 _______ ____

Li _Z !Li: I• li , ; I •

S1 "---F -T - I10.7;,-I 6.i
QC 1.. 4 2... .. .. 62 . ... 4-1 4 _.--2 __.2.' ..

TO--ý, I)5( 225t... t1 -h - -2 - ,--.4 -7----I ii 6. . -1-1--4-

_ _ _ WE I__ _ _ _ _ FINE AAGREGATE __6_2 1__5_
GRACING OFGH IOF" TEST * PASS1NG l:ET WE TE1T 6 -IE :EITR1
S ,ET I ECR NFRACTIC S PEFOE FRACTIONS AFTER SIEVE AFTE S F TEST wEIGTED E

[•I S1£V£E I CAI~j.C1 TEST (Ga EFR TEST (GSmL ) ACTUAL % LOSS 1 _________ % __S_

R I RA jN i LARN KCt I

2- Z - 1I I

C 'I-~ lietn 51_ 51_ 0_ _ _ 4!_ I 0,_ nA 2

,-_-_._._2 _ .__ _ RD~ ~ i __ _ _ _ __ _ _ _ __ _ _ _

•..o. ' ... I AGG__ _ _T_
,:,. :I ',.To io OF TEST WI OF T- PS N_

-. 5. C• 14 2 R 1 2 0.0 .2

%,3.:00. P;N.' 7 , .__ . 0.0 00 I I 0.0 i 00

TOTA LS 100o i.____ I j i________
SSM I•EIG4TED AVG RA,.'S 1 & __ __ __ __ _

i ~~~AVG TOTAL WiEIQ4TWO AVG R'.,.%S 1 & 2j PER CEN.TI

I RE sARKS

2 T
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I.:in-i r.~ N T IC~CT "TI bT~ by, _____

A. V IL'Q. DATA SHEET cOATC ?4:tl

IL- NO - TYP3 of "AAtNaitural a; nid
p?; I;"- FVt, inj lilinno~s. %E 1,A Sec 214 T 71 S.

PASSIMG) TEST L:I:Iyinzijr 0- - - -Qj

GEOLOJL'i SP FOROP AAT AGE. 0A(R - 01Y.)- --

GA 4fc.m--G -. 4.(-uM-F AbmTS REU S3-4- -.- T ,-) -

51N. f SUGA:,.lG IMPURITIES, riG. No1 (coo-c 121'); - - -,

4, Pi ~iSOFT PAR76CLES, PER CENT (CRD-C I30) I
~~1~ PERCENT LIG4.TEA THAN. SP.GAR.(CR-C ,ag)'

2 j ~~PIP CE14T FLAT AND ELONGATED (CR0-C IIu,M2): __

I~~a%. j~~ j - A.VnA5ION LO5S (L. A.),OU. (CAD -C 117):I...... - -

I iN.UNIT Wt., LB/Cv FT (CRD-C 106).

.14. CL*' LUMPS, 7.o (CAD-C it&)I

'~~ ~ t COAL AND LIGNITE,wiv (CMD-C 122).

~~IM.~H j PCVCICAT, a-.LLIO( .V (CA0 -C 6 24)'
- - 1 nrEACTIVITV WITH N.O ICDC1

NO. , 16 6' ,OATAR-MAKING PROPERTIES (caD-C 116)

NO 30 ~ 7 11RTl AS 4S- c
2'- TPt .I-- -CEMENT RTI l'I /LINLAR THERMAL f('PANscOh X10 *DEG. r. (CAD-C 125,126):

F___0 -G ROC I YO PARALACL ACROSS j ON ]AVERAGE

r.) CPaD-C iO5 (b)CAD-C '04 MORTAR! ______

FINE AGGrREG.ATE COARSE AGGREGATE
MORTAA"AR EX APNSON AT 10ar, -7o CCRO-C s23)!3M.6M.'M.1 O O 6M.0M.0 o

LGW-AL5K CEMCNrT- IF. tjaD L0UIVA..iNT: M.OO M.I2O M O2M
HIQCN-A.LA CEmENTý 'r NORO EQUIVALENT.1

:.u'Z4S3i CON~CRETE CCRD-C 40 1_114)* r N WC D-Cw

F..%C AGO. CCAASE AGGOO DE~
VINE AGO COARSE ACG': OF E~ Z L
Comrbinatior1 0f S-IL-1 S-3(',) and STL-19 S-1

ý.:a-.h:d (3 percent Xa0il) 3 days 31-511, 7 davs -51I
Unwashed 3 days 34890,0 7 days 322(,

Pcrct-nt r. wnshed 3 days 101, 7 davs 101

~T:2r.~:7~it~ : *' -.ftret~-i with 3 n"ýrcprr. so1,it'On

cLM~~aAS ~ r ~~'c..1 1 2' V.2* ~.~*fe.il~nAe.,te
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.IS.&EX No. AGEATE ITEST[D Y

- LNG.89 1DATA SHT CATE VA9 Ii
5,..: NO- ZL i S TYPE Of -anda.: .*

I ~CJU~RI:-,a ,ii!alt Co. Runa. 1ll1nois

s-Y St. i 3'sj District
'*~ ~k,:t~River. Illinols.. 1NAigat~nn Tmnrav-menr -

~ f~O5E [S~s4GNone

z-OO-A lO~AAO" '"D A- Residual CypresS spandsttne. upper Hissil~ip.u..

*U:G(~V 0),u t ASN) Trs ~K ~ ± RESULTS,~

P(r- WILK SPNOR , Sa w 3UPF k (CA...CR- 107208 _12c

1..j..PEA CENT FLAT ANO ELONGATED (CRD-C 119,12-0).

WCI5HTIEOAV..-LOSSCS, M5CYC.MgSQ-4-j(CAtC1:)k~O~)CO.isj

I AbRASION LOSS (L.A),-J.(CftD-C #I?)- 1
INCuLT I L5UMPS1 I' (cftD-C i's) I- ~

*N.~ILI wLUMPS, '36 V (CAD-C 113)1-

lCOAL A#0 LIC-411C,% (C.RD-C 422).

L- 4 I SPECJr'C HA,.SULX. F (CRD-C 424): -1--
t.04 R~~EACTIVITY WITH 114064 (CR0-C 328)1z j..j.i.......

__08 RcI 1 13 _ _

mofu*wi PROPERTIES___ (CR0- C fig) :ti~

30 ~~TYPEC...EMEVTS RATIODV ~ O%_ AYR,.. ýZ

fz510LINEAR IHERAUAL EXPAKSHON RIO 'PUG- r. (CRD-C, 12,1.20) R

n.aU oC" TYPE jPARALLEL 13 ACROSS O VPG

[., o-C. 405 (b`ICRD-C 1QA i71A_ _ _

IM~~A -AR APNS~t4ATlOS '. CA-C 23 ~ rINE AGGREGATE COARSE AGaC.5G'kTE

S t 7.~ N.'O £OUIVALENT! M.BD M.'M.iofU

,,~-A.~.cEENT: 6 NofO EOU;VALIENT:

LMrhN5 1 CONCRETE (CAD -C 40, 114): - 6WC)6DC

VNEC AC.G. COAASC AGG: DrEm,.

INTRAGRAP'IC DATIA (C-4D-C 127):!

C.inst-ItucTts Percent Cmo~sposion

Quaertz7

Cha rt 1

F~elspar 16

Mi sce 1 anez)us* 610

~eincludes m.icas, carbonates, hornblende, garnet.t and variAus oth~er
k -~cs and rotierals. 1)
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